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CONTRIBUTION ON THE LIFE HISTORY AND ECOLOGY 
NINE-BANDED ARMADILLO 


By F. WauLAce TABER 


This report is on certain phases of the life history and ecology of the arma- 
dillo, Dasypus novemcinctus mexicanus Peters, in Texas. Literature pertaining 
to this animal is restricted largely to treatises on embryology, histology, endo- 
crinology, and food habits. The field of ecology is almost untouched. Even 
the extremely fragmentary briefs on natural history are for the most part folklore, 


with few records of actual observations 


METHODS OF COLLECTING DATA 


Questionnaires —From questionnaires sent out under the auspices of the 


Texas Game, Fish and Oyster Commission, I learned much relative to increase 


of range, population densities, detrimental and beneficial qualities, public senti- 


{ 
ment, and effects of drought and cold upon armadillos. 


Pen Observations.—Because of the difficulty of close field observations, I found 
it advantageous to supplement the field work with observations on captive 
armadillos. 

In October 1938, a holding pen was constructed at the poultry farm, Agricul- 
tural and Mechanical College of Texas. A 7-foot wire fence (5 feet above 
ground and 2 below) inclosed 240 square feet. A small pen, 4 feet square, was 
constructed within the larger one. This one was completely roofed and floored, 
beneath 2 feet of ground, by heavy mesh wire. Within this smaller pen was 
buried a nest box, 2 feet square, leaving the hinged top flush with the surface of 
the ground to permit observations of the resting armadillos. Entrance into the 
nest box was gained by means of a wooden runway with only the opening exposed 
at the surface of the ground. No bottom was used. 

Later I found it necessary to attach a strip of wire netting a foot wide, and 
projecting downward and inward, completely around the top of the outside pen 
to prevent the armadillos from climbing over, a feat they could do with ease. 
Peculiarly enough, they could not climb down after having reached the top of 
the fence. They seemed not at all disconcerted, however, about dropping to 
the ground. Upon several occasions captives were observed to climb to the 
guard fence, sniff the air awhile, and then fall to the ground only to climb back 
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again. It seemed to make little difference whether the landing was effected on 
the feet, back, or head. 

Field Work.—Field work was carried on in Texas from September 1938 to 
June 1939. Many observations were rechecked from September 1939 to Febru- 
ary 1940. Field work was done in several different types: East Texas Piney 
Woodland, Edwards Plateau, Coastal Prairie, and Post Oak. Lack of time 
prevented close examination of all distinct vegetative and soil types of Texas, 
but efforts were made to secure information from all. A trip to Chambers 
County, Texas, afforded opportunity for censusing dens on the coastal prairies. 

Armadillos are stupid animals in many respects. To follow one about the 
forest or field as it diligently probes for buried insects requires but slight pre- 
caution. My first attempts at armadillo stalking met with failure, but before 
long I had acquired a knack that, although inexplicable, was nevertheless effec- 
tive. On several occasions I followed an armadillo for as much as half an hour, 
never more than a few feet away. In cold weather, armadillos were active 
during the middle of the day and observations were more easily made then, 
whereas in warmer weather they were active mainly at dusk and after nightfall. 

Because of the high concentration of armadillos in many localities, it was not 
difficult to conduct field work over a relatively large area. There was, indeed, 
no lack of materials during most of the study. 

Photographing armadillos under natural conditions was extremely difficult 
because of dense vegetation and extreme nervousness of the creatures. Seldom 
would they remain in one position long enough for me to focus the camera. 


t.NVIRONMENTAL RELATIONS 


Climate.—Available data suggest that in the 1850’s the armadillo was re- 
stricted in Texas to the Lower Rio Grande Valley from the vicinity of Ringgold 
Barracks east to the mouth of the Rio Grande (Baird, 1857). By 1880 ap- 
parently it had extended its range as far north as Frio City in Frio County and 
as far east as the Nueces River (Cope, 1880). When Vernon Bailey conducted 
his survey of the mammals of Texas at the turn of the century, he reported the 
species as occupying a much larger range than either of the previous authors. 
He says (Bailey, 1905), ‘‘. .. armadillos are strictly Lower Sonoran, but in the 
rough country between Rock Springs and Kerrville they range fairly into the 
edge of the Upper Sonoran Zone.”” During the past four decades there has been 
an even more decided extension of range to include a considerable portion of the 
Upper Sonoran Zone. 

On the Edwards Plateau (Upper Sonoran Zone), armadillos are commonly 
found along creek beds where digging is facilitated by loose alluvial soil. On 
the W. L. Moody ranch in Kimble County, they were common along creek beds, 
among limestone cliffs, and on the juniper covered hills. 

Armadillos have been reported as fairly common in Reagan County, practically 
all of which is included in the Upper Sonoran Zone; also, in Cochran, Hockley, 
Lamb, and Bailey counties on the high plains. 

Climate, in the form of temperature, doubtless plays the greatest restrictive 
réle in limiting the range of the armadillo. High temperatures seem effective 
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only in causing their activities to be confined largely to the cooler hours of dark- 
ness; low temperatures have the opposite effect, bringing them abroad during 
the hottest part of the day in search of food. 

Early on the night of January 6, 1939, a heavy frost settled over our camp 
near Junction, Kimble County. Before morning the temperature dropped 
below freezing. That evening and the next morning I spent three hours looking 
for armadillos without success. The air was so cold that my fingers were numb. 
Shortly after the sun hit the valley at 10:00 a.m., however, I encountered several 
armadillos. Soon they were so numerous in the valley that I caught three with 
ease. Meantime, the temperature had increased until the briskness was com- 
pletely gone from the air. Two hours later it clouded up and began to rain. 
Armadillos continued to feed, oblivious to the rain. At 4:00 p.m., the sun went 
behind a cloud, the wind shifted, and a “norther” set in. I saw my last arma- 
dillo about ten minutes before the norther struck and when we left two days 
later, with the norther still persisting, they had not emerged from their dens. 

Occasionally cold periods are of long duration, severe enough to prevent arma- 
dillos from feeding during even the hottest part of the day. Those armadillos 
that become established during the warmer parts of the climatic cycle beyond the 
limit of their tolerance for cold are completely wiped out by a single cold spell 
of sufficient duration. This is especially true when the ground is frozen for 
several days. William J. Tucker, Executive Secretary of the Texas Game, Fish 
and Oyster Commission, told me that upon at least one occasion, when snow 
covered the ground, he had found armadillos frozen within a few rods of their 
dens. In such instances cold acts as a decided barrier to their spread. 

[ have found no evidence that heat has any direct effect upon armadillos ex- 
cept. as stated above, to restrict their activities to the cooler night hours. Heat 


does, however, exert a definite influence by drying the soil to such a degree that 


probing is difficult or impossibl a As t} soil be comes baked and food either dies 
or is forced so deep into the soil as to become unavailable, armadillos get thin 
and may finally starve to death. A long drought, such as the one experienced 


in the Kerrville region from 1932 to 1935, greatly reduces the armadillo popula- 
tion. In Edwards County they were nearly extirpated by drought during the 
summer of 1935. According to Game Warden Menke of Cuero, Texas, arma- 
dillos were extremely numerous in Live Oak County before the severe drought 
of 1916 nearly exterminated them. By 1932 they were again numerous, but the 
severe drought following left few survivors. 

Consequently, temperature does exert a limiting effect on armadillos. New- 
man (1913) suggested that lat. 33° N. was the limit of their northward extension, 
Winter temperatures being too cold beyond that latitude to permit permanent 
establishment. Blair (1936) says that such is not the case, for armadillos have 
already emigrated into Oklahoma and Arkansas by way of the Redand Arkansas 
River valleys. Randolph Peterson of Denton County, Texas, informed me of a 
colony of armadillos that has been in that section of the state for at least seven 
years. Armadillos have also been reported from Fannin, Lamar, and Red River 
counties. All of these localities are north of 33° N. lat. Along a six or seven 
mile stretch on the east side of the Little Wichita River in Archer County (north 
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of 33° N.) they have increased in the last few years. Although scattered colonies 
will doubtless survive in the more sheltered places north of lat. 33° N., low tem- 
peratures are likely, in time, to exterminate them or at least to keep their num- 
bers at a minimum. 

Soil—It is difficult to detect the direct effects of soil upon an animal with 
such an extensive range as that of the armadillo. In Texas they occur from 
the rough stony lands of the Pecos region to the rich, alluvial Ochlockonee of the 
Sabine River Valley and from the blackland prairies of the north to the sandy 
coastal prairies of the Gulf. The presence of numerous creeks and streams, 
all bringing in fingers of alluvium into otherwise unsuitable areas of soil, erase 
exact boundaries. 

As with other burrowing mammals, soil texture exerts a definite influence upon 
the number of armadillos present in a given area. Those soils that are more 
diggable, other factors being equal, will doubtless contain the greater population 
densities. Availability and abundance of food also play a definite part, but the 
choice of food is so varied that, except during the most adverse periods of cycles, 
it is far less restrictive than is soil 

The greatest population density of armadillos with which I am familiar is in 
Walker County where the soils are sandy. Field workers for the Texas Coopera- 
tive Wildlife Research Unit estimated that in Walker, Polk, and bordering coun- 
ties in 1937-1938 these animals occurred at the rate of one armadillo to thre 
acres. ‘The sandy soils that occur over much of the East Texas piney woodlands 
are readily diggable, yet firm enough to prevent caving 

Brazos County is typical of the post oak type in which soils are heavily 
impregnated with clay and become packed during dry seasons. Lay (MS) esti- 
mated one armadillo to ten acres in that county, but there the presence of num- 
erous creek and stream banks has noticeable effects. Near Kurten, Brazos 
County, I found two armadillos per acre; in Colorado County in the same post 
oak type, I found one to 50 acres. The only noteworthy difference between the 


two areas was the relative absence of creeks in the latter and 


an abundance of 
them in the former. 

On the coastal prairies of Chambers C unt) [ found one armadillo to 4.5 acres 
The diggability of the soil was greatly increased by the presence Of scattere 


mounds in which the soil was more sandy than in the remainder of the are: 


Armadillos are extremely scarce in the clayey blackland soils. ‘Those that 
live there usually burrow in stream banks and feed in the alluvial bottomlands, 
seldom probing for food in the true blackland soils. One colony of which I hav 
record, however, was located in the black, cl yey soil of an abandoned field, but 
such records are rar 

In the hill « ountry ol Edwards Plateau armadillos are fairly abundant. ‘There 


they live both in alluvial bottoms and in the shallow limestone soils of the up- 
lands. The limestone, however, has numerous cracks and caves that require 
little digging to make them suitable for dens. Thus, this habitat favors a large! 
population of armadillos than is able to exist in the blackland prairies. 

Soils seldom exert a limiting effect insofar as dens are concerned, for armadillos 
can dig in extremely compact soils. Soil type is not nearly so important in 
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restricting the distribution of armadillos as is soil texture. A certain degree of 
limitation is exerted, however. by the availability of food. Insects may be 
present in plenty, yet the sun baked. clayey soils sometimes make probing so 
difficult that considerable time is required for securing each morsel of food. 
These conditions were obvious after a prolonged drought in Brazos ( ‘ounty where 
[ saw several emaciated armadillos 

Soil drainage is important to burrowing mammals. for in poorly drained soils 


periods of heavy rainfall. On the Aransas Refuge, 


they may be drowned ir 


Aransas County, armadillos wer not abundant despite the presence of sandy 


soil. The area is relatively flat and much water stands on or near the surface 
during the 1 Vy season This sar condition exists nea College Station. 
Brazos County, where water often stands in the burrows « mtinuously for several 
eeks in wint endering the sel 
Wat Armadillo e jound in areas miles from water yet my experience 
shows that thev requir te Chose kept in the holding ner and deprived of 
ter for five days drank ravenously when it was offered to them. So thirsty 


aaa ; pletely overcome Ne wly captive armadillos 


ious I 1 nol llowed me 1 I ch neal them dr: nk without the 
slightest hesitation while I held them in my hands One individual drank 
continuously for four minutes ] e it tention was turned to escaping from 

f vhich apparently had hothered t not at all while its thirst remained. 

racks in the mu unding s nds gave evidence of numerous visits 

mad )] 0 King, some for feeding, and some for mud baths 

Most armadillo dens studied were di n stream banks proper, probably be- 
( ( net te ovel Ci ¢ ( aigging ther th nh nearness to wate! In the 
banks of many intermittent streams. der re inhabited irrespective of whether 

{ presel After continued drought, however, a slight concentration of 

madill round tl emaining water holes suggested small local migrations. 
possib] influenced b water shortage elsewher With the return of water, 

( d de el ivan in! ted 

“one sor he exerts a limiting effect . lillos. A 10-foot rise 
( S ll strear un ol { n] ndated m ny burrow 
Usually s S CK t iff slowness to allo madillos to move 
0 m oc m the ris sudden a ( ed trapped in their 
a Vix rt lity {ror ] fj d emely lo Tf the nin ls ire 
f imme} 

Pla Plant re importa madillo chiefly as cover. Sites among 
he { \ non bus | burrows in the post ak type; they 
burr . howe r. amor ¢ the root of haws hi it bv « ks OSaL' range, and many 
other bushy plants. Protection seems to be the prime requis} with preference 
shown individual plants rather than speci More depends upon the location 
and the extent oI root g¢ owt] th n upon the s} cles. 


On the D. W. Williams’ ranch, Brazos County, I had the opportunity to wit- 
ness in detail an area before and after the brushy cover had been removed to 
~ 


increase the land’s value as pasture. Prior to clearing operations, armadillos 


were abundant over the entire area; after the clearing program was completed, 
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they became scarce and no burrow left exposed by brush cutting was thereafter 
occupied. A strip of cover averaging 50 feet in width was allowed to remain 
along a stream that traversed the area. Armadillos from the cutover area moved 
into this strip, venturing forth under cover of darkness into their former haunts 
in search of food. Grass came up in the cleared area and the number of probings 


4 


showed food to be more plentiful there than before the cle: ring, yet no armadillos 
denned in the tract. 

Some plants doubtless have a greater invertebrate fauna beneath their canopy 
than others, yet I was unable to determine any preference of cover made by the 
armadillo purely because of food supply. Probings appeared as often beneath 


one species of plant as another. 


INFLUENCE UPON ENVIRONMENT 


Erosion.—I have already mentioned the armadillo’s preference for den sites 
along stream banks where digging is easier and exposed roots afford protection. 
With the brush clearing campaign advocated by the U. 8. Agricultural Adjust- 
ment Administration and practiced quite extensively over much of Texas, this 
preference leaves the armadillo open to criticism. In some localities brush is 
the only soil binder present. When it is removed, grass is either slow coming 
in or it is grazed so close that it has no chance to grow. In such instances 
armadillo dens along dry washes and creek banks left exposed to tramping cattle 
are sources of erosion. Karly stages ¢ f gully ere SION sometimes begin in arma- 
dillo dens thus situated. 

On the Williams’ ranch, along the banks of two small streams separated by a 
wide, wooded flat, I noted that armadillo burrows were quite numerous. Many 
dens were exposed later when a brush clearing program completely removed the 
cover from part of the flat and one stream bank. Clearing operations ceased, 
however, before the second stream was reached, thus affording a check on the 
resulting effects to exposed dens along stream banks and on the intervening flat. 

A month after the brush cutting and previous to the first rain, many of the 
burrows that no longer had bushes growing over them had been caved in by 
grazing cattle. 

Several days of continuous rain later brought a 10 foot rise on the two streams. 
With subsidence of the flood waters, the exposed dens in the flat held small 
puddles of water, whereas those in the cleared stream bank showed soil slumpage. 
The wading of cattle through the muddy soil, and the flowing of small rivulets 
of flood waters from the burrows back into the stream, added materially to the 
erosion. 

Two weeks later a second rainy period of less intensity raised the water once¢ 
more well above the dens. When the bank burrows were again revealed, they 
had turned into small ditches leading 3 or 4 feet down to the stream. In three 
instances the ditches had lengthened up hill and in one place a trough about 6 
inches wide and 4 inches deep led to the top of the bank where a well-worn cow 
trail fed water into it. 

Three months later a gully some 3 feet deep and 20 feet long occupied the 








TABER—LIFE HISTORY OF THE ARMADILLO 217 


place of the last mentioned bank burrow. Cows were using the gully for a path. 
Subsequent rains doubtless added to the depth of the path and hastened erosion. 
Armadiilo dens along the wooded stream showed no sign of erosion despite 
periodic floodings. 

Incorporation of Organic Matter Into Soil—The average armadillo nest will 
fill a bushel basket; one that I unearthed at College Station, Brazos County, 
consisted of nearly two bushels of damp, decomposing vegetation. This decay- 
ing vegetable matter adds materially to the humus content of the soil, while the 
dens themselves doubtless have much effect in letting in water and air to other- 
wise heavy and somewhat impervious soil. 

A 10 foot rise in a stream on the Williams’ ranch inundated several bank 
burrows for over a week without destroying them. When the water had sub- 
sided and the dens had partially dried, armadillos returned, cleaned out the wet 
and rotting nests, fashioned them into mounds at the entrances of the burrows, 
and made new nests of dry material. Decomposition of the discarded material 
was greatly accelerated by the large amount of mud that was dug out at the 
same time. Humus thus formed is close enough to the surface to be available 
to germinating seeds. 

According to game warden Emil Habecker of Bandera County, armadillos 
are seldom found dead above ground; even when shot, they usually find their 
way into a burrow before dying. He has excavated many dens and found 
decomposing bodies curled within the nests. During extreme drought periods, 
he has found as many as three to a den. Soil is doubtless enriched by these 


decomposing carcasses. 


DENS AND NESTS 


Few animals of comparable size have so many dens per individual as does the 
armadillo. A close check of the population on the D. W. Williams’ ranch 
revealed one animal to 4.5 dens; on the coastal prairies the number was one to 
8.5. Not only does the armadillo excavate a hole in which to live, but it digs 
several others that serve various purposes. 

On the College Farm, the majority of dens found along the intermittent wash 
and creek banks were inhabited, while those located on the level ground back 
from the banks were shallow, and probably were used only for emergency shelter 
or as food traps. In the sandy soil of the East Texas piney woodlands, in- 
habited dens were found everywhere—along the creek banks, in dry washes, 
and on level ground. Digging is relatively easy there and banks are not essential 
for burrow sites. On the coastal prairie the sandy knolls contain the majority 
of dens, more because of protection from flood than because of diggability. In 
the Edwards Plateau area natural caves, cracks, and crevices among the lime- 
stone cliffs and rocks afford abundant shelter and few excavated burrows were 
encountered except in the rich alluvium of the bottomlands. Even there, be- 
cause of frequent floods, dens were few. 

Dens vary from 2 to 15 feet in length, and from a few inches below the surface 
to 4 feet deep. Usually the burrows are branched. One excavated in Chambers 
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County was forked and had a nest in each section, while two others with three 
side branches had but a single nest. Those with two or three entrances usually 
had but one in use. When dens were isolated on knolls, presence of two nests 
and several entrances showed that on occasion the dens were connected. Near 
Stubblefield Lake, Walke1 County, I found dens groupe d together with as many 
as twelve entrances in a knoll. F.R. Adams, a resident of that region, said that 
as many as three nests were found in a single mound of dens and that once he 
found five adult armadillos in such a mound. Burrows that I excavated in 
Brazo County had : single entrance, with the deepest nest 23 feet below the 
surface Near the mouth of Pinto Creek in Kinney County, an armadillo 
sought refuge in a burrow so shallow that its tail protruded from the entrance. 
When I! dug into the den, it proved to be 2 feet long and about 10 inches below 
the surface Des} ite the shallowness, it contained a nest of mesquit leaves, 


grass, and weeds 





The method employed by armadillos in digging is rather unique. Both th 
nose and the forefeet are utilized in loosening the soil which is then pushed into 
a small pile beneath the abdomet Pausing momentarily, the armadillo balances 
on forefeet and tail, meanwhile placing both hind feet simultaneously over the 
pile In this position the body is strongly arched and a sudden tension of thi 
muscles straightens the animal, lifts the hind end off the ground, and, as both 
hind feet are moved backwards in a sudden thn thre t] vile of soil several 
feet from the entrance to the burro’ Che extremely sharp cutting edges of the 
claws and the s! nuscular le: b I to dis it mazing 
ri lit A « e completely bu t mini n soil s | 
th I rec 1 pick I nl lig 

Once within a ho! irmadillo is practical] possible to extrac \lthoug 
it 1 omel n excellent handhold, the body « pe s ed t plates dig 
into the walls | efforts to remove the animal seem only to lodg mort 
securel Newn op. ¢ says Ul the 1 ll break before the anin 
will relax its hold. By working one’s hand down into the burrow, however, 
and seizing the edge of the carapace, one can finally get the animal out 


Apparently the nest is always located at the extreme end of the burrow, usually 


in a somewhat enlarged, dome-shaped chamber. On vcceasion, however, they 
are pushed nearer the surface because the lower parts ol the burrows are floods d 


All dens do not have nests; some are only a foot or so deep and possibly serve as 
food traps 

Nesting materials vary according to the drv vegetation available. South of 
Stowell, Chambers County, spartina grass was used extensively along with 
berry and persimmon leaves On the Williams’ ranch, nests were composed of 
3ermuda grass in addition to many kinds of leaves. Captive armadillos utilized 
corn shucks, which I furnished them, to fill their nest box. One large, sick 
female, unable to get into the nest box, built a nest in an empty wooden box in 
one corner of the pen. She raked in every piece of vegetation available within 
a radius of three feet. 


Armadillo nests have no structure, the nest chamber merely being stuffed with 
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dry vegetation, into the center of which the animal pushes its way. I had four 
: les and one male using the same nest box in my holding pen. They were 
apparently quite sociable and unconcerned about the opposite sex out of breeding 
seasol I have never found more than one adult inhabiting the same nest in 
but Adams’ observation, cited pre iously, shows that more than one 


armadillo may inhabit the same during a part of the year. The 


nest at least 


young oiten re main in the same ce n with the mother until Se) eral months old, 
even though they are weaned. Kalmbach (1943) says that females with young 
den together. On one occasion he dug 12 young armadillos from a sin- 
gle di 
From the beginning I was puzzled as to the manner in which my captive 
rmadillos transferred two bushels of corn shucks 6 feet across the holding pen 
ind down the runway into an underground nest box. To ascertain the method 
used, I removed ail the shucks from the nest box, placed them in the opposite 
corner of the cage, and spent part of tl lowing night obse1 


ving the activity. 


Even before darknes ell, the five nimals began to carry the shucks back. 

With the fore feet, they raked a small pile of shucks well back beneath the body, 

llo ng it » rest top of the hind fe While doing this, the body was highly 

ched, fore feet off the ground. and balan | means of the tail. When a 

le of material had been rakec » pl he body was lowered, clamping 

shuc nto p I nd t ni ly backed toward the entrance, its 

tand backward as though t 43 nm function When the entrance was 

1, the tail swung into the hole and the armadillo slowly backed down, 

g any dislodged shucks back into position with its fore feet and nos 
DAILY AND SEASONAL MOVEMENTS 

During tl nter when rain stands in puddles on the surface of the ground, 

there is a decided movement of armadillos to higher and drier terrain. These 

sno n¢ return 1 sually effected as soon as the wet season passes. 

During dry seasons there is lik distinct local movement to creek and 

S ni here p ng is {i d by the more moist soil. Also, forms 

i food ot tl insects are secu rom ponds, which dry up during that 
perio 

Besides seasonal movements, ther some daily ones ol importance. A 

movement under the cover of darkness away from the thickets and out onto the 

open pastures 1S noticeable Also. in extremely dry weather resting periods 

re interrupted when armadillos leave their burrows and, pig-like, search for a 

pond in which to wallow. Such mud baths, although I have not observed them, 


are plainly evidenced by tracks and by imprints of the carapace left stamped in 
the mud. On hot days the eaptin e armadillos sometimes took baths in their 
drinking trough. 

Experience with captive animals indicates that armadillos do not hibernate. 
Captives that had béen forced by cold weather to remain in their nest box as 
long as three days were active when disturbed. On several extremely cold days 
[ lifted them from the warm nest and carried them into the pen. When released, 
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they stood sleepily and shook violently, then ran for the nest. During prolonged 
cold spells the captives left their nest box only long enough to visit the feeding 
trays. Apparently the carapace is little protection against cold, for even on 
moderately cold days they shivered noticeably. This observation supports the 
conclusion that cold may be the most important factor in restricting their range. 

As pointed out above, on hot days armadillos normally prefer evening and 
night hours for feeding, seldom venturing from their burrows during the hotter 
hours of the day. Cold weather reverses this daily cycle. All possible inter- 
gradations likewise occur, depending, of course, upon the temperature. Usually 
during winter they feed in greatest abundance around midafternoon. If the 
temperature rises sufficiently to break the cold spell for a few days, the cycle 
reverts to the normal weather routine. Rain, unless accompanied by cold 
weather, has little effect on armadillos except in bringing them out to feed much 
earlier than normally. Shortly after a summer rain they were found feeding 
two or three hours ahead of the regular period. 

Seasons in this southerly latitude are not sufficiently pronounced to cause a 
decided yearly cycle. A definite daily cycle, dependent upon temperature, 
occurs, however, and it may vary from one extreme to the other within a few 
days. 


FECES 


Armadillo scats are typically spherical, about the size of a marble, and to th 
casual observer nothing more than mud balls. Upon close examination, however, 
these balls are seen to be composed of hundreds of elytra, carapaces, legs, heads, 
f soil 


incidentally ingested. Invariably, animals that extract insects from the ground 


antennae, and other indigestible insect parts held together by means « 


swallow some soil. 

So far as I have been able to ascertain, armadillos never defecate in their nests 
nor do they have definite toilets within their burrows or favored spots without. 
I have found scats lying within burrows, but more often they lie scattered along 
runways leading from it. Although I have seen several pellets dropped at once, 
I have not found more than two or three in a spot. Deer feces, which resemble 
that of the armadillo, are usually deposited in piles and individually retain their 
shape because of their vegetable composition, whereas those of the armadillo 
do not. 

One young armadillo, which I caught in the Navasota River bottom, defecated 
violently as I held it by the tail; slimy, black mud streamed from the anus and 
ran down the abdomen. Doubtless this armadillo had been feeding along the 
edges of the many nearly-dry, intermittent ponds and, while probing for food, 
had ingested mud which passed through the digestive tract without assuming the 
usual ball form. 

An adult female which was kept captive for several weeks became so tame that 
she could be turned out of the holding pen and allowed to forage in the field. 
On two occasions she was liberated on the mound of a colony of red ants (Pogono- 


myrmex comanche), with the thought that the manner in which ant hills were 
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opened could be witnessed. Immediately she began to dig a hole in the ant 
mound, but instead of burying her snout to feed, she turned, squatted over it, 
and defecated. When finished, she scratched soil into the hole with her hind 
feed, and, not turning to look back, began feeding several feet away from the 
mound. The next day when I released her on another red ant mound, she 
repeated the act. I have since learned that armadillos seldom feed on this 
species of ant. In fact, ants in general are usually not eaten nearly so much as 
are ant larvae and pupae. 


SWIMMING 


On January 6, 1939, I caught an adult male armadillo on the banks of a large, 
deep lake in Kimble County. Despite the kicking and clawing, I managed to 
throw it out into the lake about 40 feet from shore. Its head, which appeared 
above the surface after a second or two, was shaken twice before the animal 
began to swim in a small circle. When headed in the right direction, the arma- 
dillo swam to the nearest point of land. As it neared shore I could clearly see 
the alternate, dog-fashion kicking of all four feet. Periodically it raised its 
nose to breathe and then lowered it again into the water. Its ears were laid close 
against its head and none of the body appeared above the surface of the water. 
As its feet came in contact with the shore, it walked out on dry land, shook off the 
water, and attempted to run away. 

Three times I threw the animal into the water. Each time it returned with 
no noticeable ill effects other than fatigue. The fourth time, I carried it out 
about 70 feet outo the cement dam, the top of which was nearly flush with the 
water. From there I threw it into the lake again. When it came to the top, 
it looked very tired as it slowly shook its head, laid back its ears, and, after a 
short circle, headed for the far shore some 50 or 60 feet away. In all, the arma- 
dillo swam about 175 feet before escaping. 

Near Huntsville, Walker County, I caught an immature animal that was 
probing near the edge of a small shallow tank. Wishing to determine the 
method it would employ to get out of the tank, I threw it about 20 feet from 
shore where the depth was no more than a foot. Immediately it appeared 
on the surface and dog-fashion, with only the crown of the head above the water, 
struck out for the opposite shore. Twice before the shore was reached its nose 
was raised to breathe. The second time I threw it into the pond it failed to 
reappear after the splash. The first indication of its presence was a ripple near 
the opposite bank as its nose appeared at the surface. Without hesitation the 
animal ran out onto land and attempted to escape. Two more trials revealed 
that when the animal became tired it could not hold its breath so long. The 
last time I threw it in it walked about half the distance under water, then came 
to the surface and swam to shore. Swimming was noticeably slower than 
walking on the bottom. 

Kalmbach (1943) found that after being returned several times to the water 
armadillos apparently swallowed sufficient air to make them buoyant. I was 
unable to verify this. 
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The presence of armadillos on Bloodworth Island, in the Gulf of Mexico a 
short distance off the coast of Aransas County, suggests that they may at times 


swim in salt water. 


FOOD IN CAPTIVITY 





Although more than 90 percent oi the food of the wild armadillo consists of in 
sects, in captivity it will eat nearly anything offered. At first, armadillos plac 
in the holding pen refused to eat. Usually for the first three or four nights ther 
preferred to probe the soil after their accustomed manner. It was not long 
hows er. before tl begal ) 1S] the feeding a} ner bons nd fis} 
thoroughly mixed with mash and soured milk were provided. The 1 
was yn relished 

Armadillos were slow to learn how to eat dead chickens After a fe aays 
however, chicken carcasses were scraped clean overnight, especially whe 
visceral cavities were first opened and the viscera exposed. The lack of teet] 
in the fore part of the armadillo’s jaw proved a decided handicap in feeding o 
flesh Once a part ol intestine or muscle had been scratched loose sufficiently t 
allow the molariform teeth to clamp down on it, the problem was practicall 
solved. Using their fore feet to hold the meat against the ground, the a1 
tugged and pulled, relaxing now and then to claw at the tangled mesent: 
until the morsels were loosened. The sharp toe nails were used to scratch the 
meat from small bones 

[ had little difficulty in securing an abundance of dead chickens, sit 
holding pei was located on the Colleg Poultry Farm Several times I allow 
flies to blow the carcasses and, after the maggots were several days old, dumps 
the entire squirn ing mass into the pen This seemed a choice iter fresl 
chickens were passed up in favor of the maggot-infested carrion 

Contrary to reports, armadillos refused chicken eggs unless they were first 
broker \ set of five bantam eggs in a dummy nest p! ced in the center of the 
pen remained untouched by five armadillos for 21 days 

Water was a necessity and was usually sought first when the animals left t 
nest box to feed. After a short drinking period, the surface of the water would 
be covered with froth from the sticky, saliva-coated tongue. They also liked 


milk, lapping it up dog-fashion with their long protrusible tongues 
Watermelons and cantaloupes were eatel only when broken. and or ly the! 


| } 


when other food was lacking. Corn, scratch feed, and wheat remained un 


touched even when soaked in water or fish oil. Bread soaked in the same oil, 
however, was quickly devoured. Beets, both sweet and Irish potatoes, onions, 


and turnips remained untouched for over a month; apparently they are never 


eaten 
Kalmbach (1943) has adequately discussed the natural foods of armadillos. 
FEEDING MOVEMENTS AND PROBING 


Since terrestrial insects form the bulk of the armadillo’s diet, a specialized 
method for procuring them is employed. This method is termed ‘probing’ and 


requires the use of both forefeet and the elongated snout. Variations in the 
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moisture content and diggability of the soil shift the brunt of the yrobing from 


the nose, as in loose sandy or muddy soil, to the fe et, in more densely packed clays 


dsilts. In soil of average diggability the nose is pushed into the surface litter 
s far as possible and when an insect is detected, a conical hole is quickly dug by 
t, alternate strokes of the forefe With each thrust of the feet, the nose 
hed des o the soil, not once being lifted from the probe while digging 
n progress 
r} lillo is adi bly fitted for securing food in this mann Its feet 
ro } ilv clawed. j nin nro} ged 4 ; , ell otected snout _ 
I h te nd its tongue lo protrusibl nd provided I sticky 
etiol r gathering smal bly otherwise unavailabl 
-robing depths varied with the locatior In the sandy soils of Walker County, 
1 be raged 3.6 inches de ( yf 2.5 and 6 inches. In the 
hard ke aI Brazos ( I 21 | eraged 3.1 inches, witl 
emes of 1.5 13 he In Brazos Cow second count made in the 
} | t oO } t er ? ? ho ed 19 nr shes to average 
{ | lept! h extre! 2.5 and 6.5 inches. On Bloodworth Island 
st off the coast of Aransas County. the course of a feeding armadillo was easilv 
follo ed iS 1l Zig-Zagg_e 1 do vn tl beacl \ L¢ } probe ot 6.5 incl es occurred 
( 17 inches for a dist } 100 rd 
As pre ly expressed, fe rding to the temperature 
Regardl of the feeding how I ! eeding m<¢ nents are Sl lly 
. lar Seeming! n impulse an ar lk or run, stopping abruptly 
sniff and then to vrobe Occ , ling nterrupted as the animal 
‘ e hind f tect th} dang 
No def e direction is assumed in feeding, neither is a straight course followed 
om the det Often individuals travelled in circles. working some areas 
{ f lhe search for food is initiated at the very mouth of the burrow and at 
the nim may forage several hundred feet away In the course of the 
il shallow burrows (insect traps perhaps) may be visited. No 
path is followed and insect traps are visited only vhen encountered in 
the regu hunt for food 
Their ability to locate insects beneath 5 or 6 inches of soil is uncanny. I 


e watched an armadillo shuffle quickly across the forest floor with its nose 
ploughing a furrow through the litter down to mineral soil A sudden halt and 
sniff initiated a probe resulting in the capture of a beetle larva. Hesitating only 
ificiently long to crush and swallow the grub, the animal continued its 
ploughing 

In one place where an old decaying log had added deep humus to the soil, | 
found the ground honey-combed with probes so close together as to lose all 
individual shape. The base of such bunch grasses as Andropogon saccl aroides 
is a favorite probing site, as is also the soil beneath decomposing piles of cow 
dung, which are usually well worked for beetle and fly pupae. 

In regions where both hog-nosed skunks and armadillos occur, their probes 


are often confused. The difference is readily recognized, however, for the 
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skunk must make a larger and more slanting hole in order to get the buried 
insect. This is correlated with the broader nose of the skunk. Rabbits also 
dig small conical holes, but these are seldom more than an inch deep and usually 
reveal nibbled roots. 


APPEARANCE AND BEHAVIOR OF YOUNG 


Patterson (1913), Hamlett (1932), and Newman (1913) have discussed ade- 
quately the breeding habits of armadillos. 

The young are produced in a rather advanced stage of development, out- 
wardly differing from the adults only in smaller size and more pliable carapace. 
The eyes are open at birth and the animals are capable of walking when only a 
few hours old (Apelt, in litt.). The period during which the young are suckled 
has not been recorded, but Charles Apelt of the Apelt Armadillo Farm, Comfort, 
Texas, takes the young from the mother at three or four weeks of age and feeds 
them on cow’s milk. 

Even before weaning, the young ones learn to probe and habitually accompany 
their mother in search of insects. On April 21, 1939, I caught three young ones 
not more than a few weeks old. Their carapaces were still soft and their legs 
weak, yet they were probing for food. From the appearance of the mother’s 
teats they were not weaned. They showed no fear and when I kneeled, conceal- 
ing the burrow, they attempted to root beneath my legs to get back into the 
home den. 

In order to recognize the same individuals again, I banded all three with 
Biological Survey bands. It was necessary to punch a hole through the carapace 
just above the right hind leg and clamp the bands tight. After banding, | 
liberated them near the home den and immediately they began to probe, showing 
no fear of me nor pain from the bands. On May 11 they were still at the same 
home den with the mother. The two I saw more plainly still retained the bands 
with no apparent ill effects to animal or band. Two weeks later spider webs 
across the entrance of the burrow indicated that the den had been deserted by 


the entire family. They were never seen again 
ANIMAL ASSOCIATES 


In attempting to ascertain the animals closely associated with the armadillo, 
a number of burrows were excavated. On the coastal prairies of Chambers 
County, Dan W. Lay, of the Texas Game, Fish and Oyster Commission, and | 
dug out 50 armadillo dens. In that area the land is nearly flat and, during the 
rainy season, inundated, save for scattered knolls that rise from 2 to 5 feet above 
the general level of the land and support sparse stands of brushy vegetation, 
usually heavily entwined with berry vines. A reconnaisance showed that dens 
occurred only on these knolls. Of 67 knolls examined (approximately 22.7 
acres) 51 contained one den each. Of these, 36 were empty, some because of 
standing water. The remaining 15 dens contained the mammals listed in 
Table 1. 

In one den an armadillo shared its burrow and nest with a cotton rat and a 


cottontail rabbit. In another instance an armadillo and an opossum occupied 
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the same nest. The nest had been moved to within a foot of the surface so that 
both animals were dry although the deeper parts of the burrow were flooded. 
The skunk had taken over an apparently deserted burrow and the burrowing 
owls were flushed from partly excavated armadillo burrows. 

From the above it is apparent that armadillos are of some importance in the 
welfare of other animals. Dan Lay on one occasion found a mink inhabiting 
an armadillo den, and opossums and skunks on several occasions. 

Tracks, pellets, and hair showed that nearly every den had been used by 
cottontails at one time or another, either for escape cover or as a resting place. 
On several occasions I have witnessed cottontails escape from hunters and twice 
from dogs by a hasty retreat down armadillo burrows. Dens excavated in heavy 
growths of berry vines invariably have well beaten trails leading to their en- 
trances. In this way dense briar patches are made more accessible to rabbits. 
In one such tangle I flushed a covey ol quail that had been using the paths of 
armadillos for shelter during the mid-day resting period. A novel use for arma- 


TABLE 1.—Contents of 15 armadillo dens excavated in Chambers County, Texas 


KIND F ANIMAL NUMBER ACRES PER ANIMAI 
\ adillo 6 3.8 
Opossum 5 £.5 
( ontail 5 4.5 
Cotton rat 4 5.6 
Striped skunk ] 22.7 
Burrowing owl 2 11.4 


dillo dens was exhibited during the hunting season when a crippled quail, which 
I pursued, escaped by entering one. 

Peculiarly enough I have been unable to find parasites in the alimentary tract 
of the armadillo. Price (1926) in discussing the life history of an acanthocepha- 
lid parasite (Oncicola canis), the adult stage of which is found in dogs, says that 

. establishing the identity of acanthocephalid larvae collected by Dr. Albert 


Hassall from the nine-banded armadillo..., has shown that the armadillo 
serves as an intermediate host for O. canis.’’ One armadillo that I collected on 
the College Farm had a single larval cyst of this parasite in the abdominal 
muscles. 

External parasites are likewise few. Armadillos are bothered neither by 


fleas, body lice, nor mallophaga, all of which infest the average mammal. In 
all my field work, |] discovered not a single case of tick infestation ; possibly the 
horny carapace is ample protection against the sucking mouth parts of the tick 
[ was surprised, however, at the absence of ticks on the under parts, around the 
ears, neck, and head. Twice I have found ticks in the stomachs of armadillos; 


these probably were ingested accidentally. 
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NOTES ON MAMMALS OBSERVED IN THE PERRY 


-Y RIVER DISTRIC’ 
QUEEN MAUD SEA 


B ANGT ( v 

It was n ilege to be statio Post Manager at the Perry Rive 

| Oi 18’ N , Lon 102° 10’ W of the Huds B Compan’ oO! AY 
1937 to July 1941 My st inter t b leave ym Augu 1959 
to March 1940 
coast and Backs Rive I made my first journey into the interior in March 1938 
when I accompanied hunters of a tribe of ( ribo Eskimo to the Garry lake 5 
returning alone about two weeks later This wv a traverse of 85 miles. and. I 
am told. is the first penetration of the te hite mar 

The territory from the Ellice River to Sherman Inlet is generally flat 
mars! Many rive %t shown on maps flo Queen Maud Sea frot 
numerable lakes, large and small. th do land n every dir 
Here and there, low hills, rising to about 600 feet. relieve the general flatness 
Inland one encounters a succession oO! 1 dg ; ¥V hich tend to run east and wes 
gradually increasing to 2000-3000 feet hig The highest mountains are in the 


vicinity of the Garry lakes. 


Between these ridges, varying in width from } to 8 or 10 miles, are flat valleys 


with so many marshes, lakes and streams that one’s general impression is that 
there is more water than land. In the summers of 1938 to 1941 inclusive, | 
journeyed into the interior for varying distances up to 30 miles At this season 
the hills are a blaze of color—red, yellow, orange and gray-green lichens and 
white, yellow and purple heather. In the valleys ar acres of white Arctic cotton 


but glorious patches of color are made by a blue forget-me-not-like flower, by 


red Arctic poppies and purple dryas. In the valleys grass, about a foot high, 
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bundantly in the marshy places while the tundra is green with mosses 
vhich the « ibou feed On the hills and in th all ys the prostrate Arec- 
( commo! ly recurs \ugu the most colorful month in the Arctic 
( he ere tion I kes I kabh rapid growth after the ground is 
early J The f rrowtl rts in the marshes, in the river 
i Le g along the coast and looking back into the 
iO vel | imp ol ! merable lak rshes and streams 
I n id te 1 | round about 120 miles wide and ap- 
TY i) de 
} he 5 iit Lh | l I lands. onl f¢ of wv hich are 
existing n es nd I rite fawning places of the 
n-g na b | the nestiz ee f ducks, geese and gulls. The 
0 Pre-Caml] n th hout itl ches here and ther of sedimentary 
pm ym November 1 to March 1 is —38°F. 
‘ T ry T \ | N Ve! ( | is probably 30 F 
vest 1 r rer ears was —58°F.; the highest 
he J 1937 ge t erature in July and August 
ld | 50°! Hig nd re Ol irequent occurrence and 
( 50 er hour, or 1! during the winter 
Hig d le f ( I er and do t reach such high 
le Breakup it ( ke yl f June 5 14. but the sea ice 
the ye ( \ug nd Septemb«s vhich are the 
nt] I At t ( ng these two months, north 
e into the ¢ pletely blocking it 
: Pe ver is a band of about 35 Eskimos 
Kog l he hunt e number 10 Kogmuit means 
eopl the p he ns” or, more briefly, “the swan 
lr} Ks I es 2) I I ited lis re the ones in ust by 
Tl ni r Pe , Kog-yuak, meaning the place of the 
( Se 1 grateful acknowledgement of 
, m Dr. R. M. And wm Division of Biolog National 
f Canada, Otta Mr. J. D Soper, Chief Federal Migratory 
4 Ofhe Prairie Provin« Winr eg, Manitob nd B. W. Ca wright, 
hief Naturalist of Ducks Unlimited (Canada), Winnipeg, Manitoba. 
NNOTATED LIS OF MAMMALS 
Barren Ground Caribou, Ran: ar a ( tichardson) : Eskimo, ‘“Tuk-too”’ 
\ I I i u S lerably during t last 15 years 
\ I use has | ound Bathurst Inlet. Caribou are 
hroughout the \ n the nd but tl inter populatior ibout 75 percent 
I I f l e! t arr. | ry he soutl n migration appt ir from March 15 
I ement re 15 days May. They scatter over the 
ng coun nd ¢ } lands to breed Compa vely few continue 
bre n Nordenskjiold Isl 1 on the islands and mainland of south-eastern 
Vi I Island Thousands of islands around the shores of Queen Maud Sea, not shown 
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on maps, are favorite breeding places for caribou. The densest breeding population is 
found on Kent Peninsula. The young are born in June, usually a single fawn; occa 
sionally two. 

The islands appear to be favored fawning places probably because the gray wolf is rare 
or absent from them and mosquitoes are much less numerous. The caribou on the 
mainland suffer severe mortality from the attacks of mosquitoes. Many animals are found 
dead with the flesh around their eyes and muzzels raw and the heads swollen to twice their 
normal size. Larvae of some insect render the skin uselessin spring. Dr. R.M. Anderson 
of the National Museum of Canada informs me that specimens of the larvae of the bot-fly, 
Oedemagena tarandi (Linn.), were collected by the Canadian Arctic Expedition, 1913-16 
They were responsible for the damage to the caribou skins. The skin is perforated, some 
times with hundreds of holes where the larvae have emerged. 

The southward migration takes place about the end of August or the first week in Septem- 
ber. The animals swim from island to island and so to the mainland, but more often the ice 
is strong enough to carry them to the mainland. The herds move along the coast and are 
joined by those from the islands and the movement follows a regular route. The passage 
of the animals may be seen for 10-14 days, particularly at Bathurst Inlet. The moving 


columns extend as far as the eye can see 
Musk-ox, Ovibos moschatus moschatus (Zimmermann Eskimo, ‘‘Oo-mee-muk’’ 

Not numerous—seen in twos or threes, three or four times each year. The largest herds 
seen were 12 and 15 in May 1938 on the mainland just west of Flagstaff Island 
Barren-ground Bear, Ursus subsp.: Eskimo, ‘‘Uk-shuk”’ 

A pair of grizzlies was encountered on the sea ice in March 1938 by an Eskimo named 
Kilerk, 15 miles west of the Perry River. He shot one of them with a 25-20 Winchester rifle 
and the skin was delivered tome. This skin was transferred to W. Gibson, at the Hudson’s 

say Company’s post at Coppermine this summer by the motor ship Fort Ross. This is the 
only occurrence of the Barren-ground grizzly that has come to my attention in the four 


years at Perry River 


Polar Bear, Ursus maritimus (Phipps): Eskimo, ‘‘Nano 


Fairly common when the “big ice’’ comes from the north into the gulf In vears wl 
the “‘big ice’’ does not come in, the polar bears are rare or entirely absent In years of 


‘ °° P . ° 
“big ice’”’ as many as 20 skins will be offered at the post and these are only a portion of the 
bears killed The natives encounter them on the ice, on the islands. and along the coast 


1 


They do not find them inland 


Arctic Weasel, Mustela arctica subsp.: Eskimo, ‘‘Ter-riak”’ 


f 
Common in years of lemming abundance and less common when lemmings are scarce 
Only one form of ‘‘ermine’’ has been seen by me in this locality. Dr. R.M. Andersoninforms 
me that Degerbgl (1935) records specimens examined from Kent Peninsula and King Williat 
Island as intermediate between the eastern Mustela a. sen ple Degerbol’s M. a. labiata 


and the western subspecies Mustela a. arctica 


Wolverine, Gulo luscus luscus (Linnaeus Eskimo, ‘‘Kal-1 
Quite common in summer and winter in the hills west and south of the mouth of Perry 

tiver. In winter they are seen more frequently on the flat tundra. They follow the 

traplines. 

Red Fox, Vulpes fulva subsp.: Eskimo, ‘“‘Ki-uk-tuk’’. 


Not common, but they are found in the same restricted localities every year. About 20 
skins a year are brought in by the Eskimos. The cross fox occurs in about equal numbers 
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with the red, but only two silver fox pelts were brought to me in my four years’ stay at 


White Fox, Blue Fox, Alopex lagopus innuitus (Merriam): Eskimo, ““Ter-ahguniak”’, 


*Kern-nuk-tuk’”’ 


when lemming are scarce. The 








Abundant in years of lemming abundance and scarce when | 
blue phase occurs in a ratio of 1 to 100 white Varying shades of blue are encountered— 
fro L pale slate to a dusky blue 

About the end of March 1938, at my request, nine females with young were dissected by 
Eskimos under my guidance, and the unborn young in each female counted. One of the 
females had 23 foetuses about two-thirds developed, another had 17, and the balance 4 to 
8 In the field, when the young are out of their dens, the usual size of litter observed ranges 
1! 4 to 6. occasionally 7 ord 

\ disease attacks the é nd also t Eskimo dogs) in years of fox abundance. The 
symptor re: the first day the dogs eat little or refuse food; second day they will not eat 

all, and a mucus discharge from the 1 rils is seen; about the third day they froth at the 

outh and, when the) empt tos up, 1 back and forth as if intoxicated; on the 
fourth day they lose al! sense of direction and go around in circles and finally fall over and 
dic rhey rarely survive longer than the fifth day after the first symptoms are noticed. 
Sometimes deat! curs within tw thre lavs Che white foxes are affected in a similar 
manne 
Gray Wolf, Ca l ndra Miller): Eskimo, ‘‘Amar-oak’ 
Abur nt in attendance on the caribou herds especially in late summer and fall. tare 
the islands f rite ning locations of the caribou. Black or ‘“‘blue’’ wolves are 
een in itio of about 1 to 100. They are im bly leaders of the pack. I have never 
een any evidence of the disease that atta the husky dogs and foxes affecting the wolves 

Young are bort late June or early July I have noticed four to a litter 

Parry Ground Squirrel, Cit: par l Richardson): Eskimo, ‘“‘Chik-chik’’ 

Abundant in the sandy country he mouths of rivers and along the coast where bur 
rowing is eas Coloni e found on suitable sandy knolls; they are rarely seen inland in 
the Perry River district 

Back Lemming, Lemn trim onatu nat Richardson): Eskimo, ‘‘Evingak’’ 
Abundant everyone on the tundra and the coastal islands. Goes through cycles of 


From about April 27 to May 7, 1937, I witnessed a mass 


about eve ry four vears 
from the old post site— 


ibundance 
tion of brown lemmings while engaged in transporting stores 
of the Perry river to the new site on Flagstaff Island, a distance of about 12 
site on April 27 and for about four days subsequently, 
The whole tundra was a mass of moving lemmings 


migr 
at the mout 


h 
miles While camped at the old post 


f the migration was noticed 


the onset ot t 
» would be a dozen or more inside. The migration 


went on night and day; my 13 dogs outside the tent could be heard killing them at frequent 


and each time we went into the tent there 


intervals during the night 
When we started for the new post, 


all headed in an easterly direction 
the water of a lead, about a foot below 


the sea ice was covered with a moving mass of lem 
They stopped at nothing. Untold thousands 
and swam the 10 or 15-foot 


mings, 





plunged over the ice into 
t ice on the other side. They perished in 


imb up the sheet i 
here, they found passages up the ice and blindly 


channel, but were unable to cl 
large numbers in these leads, but here and t 
continued their journey Around the ends of the leads they pressed on without interruption 
going through the pools of water, lying on the surface of the ice without deviation and 
without the slightest hesitation. This scene extended as far as we could see in any direc- 
The natives later informed me that at Kol-gyuak—a river 45 miles east of Perry— 


tion 
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the same thing was going on at the same time I do not know how far west it extended, but 
it was the s ‘ least 15 les west of the p Thi ligt yn last for abo 
10d nd reac} shout May 3 or 4 
Int ¢ ng f1 he ol pos to tl ‘ lv dogs g bed up ar l¢ so an é g 
while tl ; nning that tl ) } led legre r} 
urt r ] ( usele f furthe ur I or r the t 
no! ig I had hem for 24 hours | get over tl glu 
Ar +} erage der ‘ lemr ngs durir rt 10! u 
sau 
In 19 W Lar I ne ( mig ings bu 1 I | 
é ‘ ne re le O sior lire 
I l eA Pe 1 
Collared Lemming, Dicrostonyz groenlandicus richards« Merriam) : Eskim: Av-in-gal 

I i ning found in the P » the al l é 
( he grour re | p li This le ibundant bu n 

! ( n | 1 winte Phi I 1 hite l ion ! 
tl ) scarcity I uppe go throug é fluctu 
{ numbe } char er he 1] ; 

Meadow Mouse, Micro sp.: Eskimo, ‘‘Av-in-ga 

\ co but is well distribute und yuse has a tail about 2) 
nches long, prominent ears, dark brown bas and is lighter underneath 
Arctic Hare, Lepus arcticus andersoni (Nelson): Eskimo, ‘‘Ok-a-lirk”’ 

Usually common but shows wide fluctuations in numbers from year to year without 
definite periodic cycle Individuals in the Perry district weigh as much as 9 pound \ 
specimen from Bathurst Inlet weighed about 13 pound They are preyed upon by foxes 
ind . 

Ringed Seal, Phoca hispida (Schreber): Eskimo, ‘‘Nat-ch 
Quite abundant in Queen Maud Sea. 
° 
Bearded Seal, Hrignathus barbatus barbatu Erxleben): Eskimo, ‘‘Oog-yuk’”’ 

Quite plentiful in the Queen Maud Sea. They favor the shallower waters along the coast 

andislands. This and the ringed seal are the only species of seals noted by me in the Queer 


Maud Sea 


Hudson’s Bay House, Winnipeg, Manitoba. 
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The May 1923 number of the Journal of Mammalogy contained an interesting 
summary of the Mammal Collections of North America by Brazier Howell. 
[wenty years } e elapsed since thet nd in that tim Oo many changes have 

ken place in the mammal collections of North America that it has seemed 
esl ‘ e the ] Ir esenting the original al Howell ade- 

‘ penne ‘ n it ollowing words 

{ DY 
eed 

' 1 ble 

' have 

I DY 
‘ ] new 
i! | } l 

il en 
\ g I I I in 

u ils 
( é hey, 
] ri ‘ I hange 
:' , nail ‘ stad have 

é of 1 l I small 
ess ZI ’ é s hand, 
l I r , ( ul given 
' ’ I S een 

At the 1940 meetings of the American Society of Mammalogists, held in 
Denver, Colorado, J. Kenneth Doutt suggested that the work of bringing the 
survey up-to-date be undertaken by the Society After some discussion, Dr. 
W.P Tay lor, then preside nt of the Soci ty, appoint d a Committee, « onsisting 
of A. Brazier Howell, W. B. Davis and J. Kenneth Doutt, Chairman, to under- 


take the survey. 


In preparing the list we | it 


as collections, and we hope that its effect 


plan to make 


ave followed Howell’s origina a 
f mammal collectors, as well 
the 


At the suggestion ol 


roster ¢ 


may be to stimulate interest in science of mammalogy, especially among 


Dr. Harold J. Coolidge, Jr., 


to include material on mammalian photography, for we believe that many 


young collectors we have 
trie d 
of the most valuable life history records can be made on film, especially motion 
picture film, and that more and more attention will be given to this method of 


recording life history studies. 
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It was originally intended to have this report cover all of North America. 
Since no replies were received from Mexico or Central America, this report actu- 
ally covers only the United States and Canada. Dr. Charles E. Bunnell, 
President of Alaska College, was unable to give us any information about that 
collection, because no one is in charge of the Museum at the present time. A 
single questionnaire was returned from South America. Dillon 8. Bullock of 
El Vergel, Angol, Chile, states that the Escuela Agricola has a collection of about 
100 specimens from the Provence of Malleco, Chile. 

Considerable effort was made to locate every mammal collection in this 
country, and to that end a questionnaire and plea for information were published 
in the February number of the Journal of Mammalogy for 1942. A copy of the 
questionnaire is reproduced in figure 1, with the hope that it may be of assistance 

QUESTIONNAIRE 
If any question cannot be answered at once give an approximate answer and mark it as 
such. Please send promptly to J. K. Doutt, Carnegie Museum, Pittsburgh, Pa 
I. Have you (or has the institution with which you are connected) a collection of mammal 
study skins, skulls, skeletons, or preserved specimens? Yes ) No 
1. If so, how many — if collection consists largely of mounted specimens, 
so indicate 
2. The specimens comprising the bulk of the collection are from what localities (States 
and Provinces in United States and Canada; counties for the rest of the world 


3. Are any genera represented particularly well 


1. How many type specimens have you? 


5. Have you, or has the institution with which you are connected, a collection of mam- 


mal 
a Photographs Yes No 
b. Slides Yes No 
c. Kodachrome transparencies Yes No 
d. Motion picture film Yes No 


Any remarks you can make concerning the extent of this material will be appreciated 


Name of person answering this questionnaire 


Address 


Name of person, institution or organization to which the collection belongs (if not the same 


as above 


Address 


II. The Committee will be grateful for the names and addresses of any persons, colleges, 
organizations or institutions having collections of mammals. Please use the back of 


this questionnaire if you need more space. We thank you 
J. K. Dourr, Chairman 
A. B. HowE.u 
W. B. Davis 
Fic. 1. Questionnaire used in North American Mammal Collection Survey 
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in interpreting the information on the charts. From this source only 35 replies 
were received so it was felt that some other method must be adopted. From all 
available sources a list was compiled of 513 names of individuals and organiza- 
tions suspected of having mammalian material. Three hundred twenty-three 
replies were received as a result of the 513 questionnaires sent out, which, to- 
gether with the 35 received through the Journal of Mammalogy, made a total of 
358 replies. Sixty of these reported “no collection.” 

After considerable thought, and some experimentation, we finally decided to 
present the data in chart form, and to group the collections under countries, then 
states or provinces, rather than in a straight alphabetical list. An index follows 
the charts. 

In some cases we were unable to get replies from persons whom we knew had 
collections. Where the information we had seemed to justify it, we included 
those collections in the list. In a few instances the information furnished by 
some of the larger museums was too extensive to be given in the charts. For 
these collections, a more detailed account is presented in the notes at the end 
of the article. 

A comparison of the material assembled for the present report and the data 
published by Howell in 1923, reveals that many interesting changes have taken 
place in the past 20 years. It is regrettable, but we think inevitable, that the 
figures used in the summaries cannot be accurate. In spite of our efforts to 
make the list complete, we suspect that many small collections have been over- 
looked. On the other hand, some of the collections listed here have already gone 
out of existence. Then, too, additions are constantly being made to museum 
collections. Even while this paper was in manuscript form the Carnegie Museum 
collection increased from 21,500 to 22,500 specimens, and other institutions have 
undoubtedly increased their collections to a similar, or, perhaps, greater extent. 
Therefore, although we have treated these summaries as if they were exact, it 
must be remembered that they are only approximations. With this thought in 
mind, however, we have proceeded to make a few simple analyses of the data 
we have assembled. 





1923 1943 
T | number of collections listed 77 297 
Total number of specimens listed 410.239 939 483 
Total number of private collections 10) 113 
Total number of specimens in private collections 32,245 77,914 
Total number of public collections 37 184 
Total number of specimens in public collections 377 , 994 861 , 569 
There are 179 collections which contain 0—500 specimens 

29 = _ ~~ §01—1000 os 

5 43 és a ** 1001—5000 : 

- » sis 8 ~ §001—or more “ 


270 Total number of collections 
The above figure of 270 differs from the total of 297 collections listed, because 
in 29 instances the number of specimens was not given, not known, or the collec- 
tions contained only photographic material. 
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From the above summary it appears that there are now more than three 
times as many collections as there were when Howell published his paper in 
1923. The number of specimens in collections has more than doubled. The 
number of private collections is more than two and one-half times greater, while 
public collections are almost five times as common as they were in 1923. 

In spite of the great increase in the number of public and private collections, 
it is interesting to note that 7 percent of the collections contain 85 percent of 
the specimens. In other words, by far the greatest bulk of the mammalian 
material is in a few, large collections. The 25 largest collections are listed below, 


in order of size. 


*1. Biological Surveys Mammal Collections 138,130 
*2. American Museum of Natural History 125, 358 

3. University of California, Museum of Vertebrate Zoology 100.027 
*4. United States National Museum (exclusive of Biol. Surveys Mammal Colls 97 086 
*5. Museum of Comparative Zoédlogy (Harvard University 52,000 

6. Chicago Natural History Museum 50, 00 
*7. University of Michigan, Museum of Zoology 40.000 

8. Academy of Natural Sciences of Philadelphia 22 000 

9. Carnegie Museum 91.500 
10. D. R. Dickey Collection (California 20.000 
*11. University of Michigan, Laboratory of Vert. Biol 20.000 

2. Cleveland Museum of Natural History 18. 200 
*13. National Museum of Canada 17,131 
14. University of Kansas 14,098 
15. San Diego Society of Natural History 13,477 
16. Royal Ontario Museum of Zoology 13.000 
17. California Academy of Sciences 9 000 


18. Los Angeles Museu 9 000 


19. State Game & Fish Commission (Mississippi 5.966 
20. Ellis, Ralph (California 5.000 
21. Provi | Museum (British Columbia 4 800 
22. Chicago Academy of Sciences 4 500 
23. Milwaukee Public Museun 1.055 
24. Colorado Museum of Natural History +, 000 
25. University of Ut t 000 

Total numbe 812, 328 


\ geographical summary ol collections also reveals some interesting facts, as 


shown by the following list of states and provinces, with the number of private 
and public collections in each. 


*See Note 2 
UNITED STATES 
TAT PUBLI PRIVATE rOTAL 
California 19 19 38 


New York 10 6 16 
Michigan 12 3 15 


Washington 5 10 15 
Ohio 2 10 


g 
Pennsylvania 8 2 10 
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TATE PUBLI PRIVATE TOTAL 
Illinois 5 4 9 
Florida 2 6 8 
Minnesota 7 1 8 
Oregon ] 7 8 
Colorado 6 ] 7 
Massachusetts 7 0 7 
Vermont 3 $ 7 
Connecticut 6 0 6 
Maryland 2 { 6 
Ar I 2 5 
lowa | l 5 
Kansas i ] 5 
Texas 4 ] 5 
Utal { ] 5 
Virgini { l 5 
West Virgit ! : 
D. ¢ 4 0 4 
Indiar 4 0 { 
Maine l 


Xe tu \ I 
N i ) 3 
N Me ( 0 3 
O ] 3 
W nein 0) 3 
Alaba y. 0 2 
uisian 2 0 2 
Mis ipp 2 0 2 
Ne 1 l 2 
North Carolina 2 0 2 
South Dakota 2 0 2 
Wyoming 2 Q 2 


Arkansas l 0 l 
De law are ] 0 1 
Missouri 0 l 
South Carolina 0 ] ] 

] 


Tennesset l 0 
Rhode Island 0 0 0 
Total 168 95 263 


CANADA 


Ontario { 8 12 
British Columbia 3 3 6 
Manitoba l 2 


Alberta 0 1 


Saskatchewan 0 l 


jt ot OO 


Total § 15 23 
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It has been impossible to reply to all the letters and notes we have received in 
connection with this survey, but we wish to express our appreciation to all those 
persons who have cooperated with us in assembling these data. For some of the 
larger museums, several days of painstaking labor have been required to compile 
the information, and we are particularly grateful to those individuals who gave 
so unstintingly of their time. The Soil Conservation Service, the Fish and 
Wildlife Service and the Grinnell Naturalists Society, by publicizing the project, 
have assisted materially in obtaining information. We sincerely appreciate their 
assistance. We are also indebted to Dr. Andrey Avinoff, Director of the Car- 
negie Museum, for his encouragement and support throughout this project. 
Mr. Doutt’s associate, Miss Caroline A. Heppenstall, has borne the brunt of the 
entire project, and has not only taken charge of the details of the survey, but has 
also contributed many valuable suggestions. 


NOTES 

(1) The U.S. National Museum Collection and the Biological Surveys Mammal Collec” 
tions are housed under the same roof, and while each is managed as a separate unit by 
different officers, they are, in reality, one collection. Taken together, they constitute by 
far the largest collection in the western hemisphere 


SPECIMENS OF MAMMAL IN THE BIOLOGICAL SURVEYS ILLECTION 

Marsupialia (opossums 526 Rodentia (squirrels, pocket gophers, 
Insectivora (moles, shrews 7618 mice, rats, etc 97425 
Chiroptera (bats 3882 Lagomorpha (hares, rabbits, pikas) 5722 
Carnivora (flesh-eating mammals, Artiodactyla (even-toed hoofed 

including bears, weasels, wolves, mammals, including pigs, deer, 

cats, etc 20650 oxen, ete 2102 
Pinnipedia (walruses, seals 2 Perissodactyla (tapirs, horses 9 
Primates (monkeys 122 Xenarthra (edentates 72 

Grand total for the entire mammal collection 138,130 

(2 THE MUSEUM OF IMPARATIVE ZOOLOGY HAS GO ) ILLECTIONS FROM THE FOLLOWING Lt ALITIE 
United States South America 

New England Northwestern part 

Florida 

Georgia Australia 

Louisiana 

California Africa 

Texas (fair South Africa 

New Mexico British East African Colonies 

Liberia 

Canada and Northern N.A Madagascar (fair 

Labrador Cameroons (fair 

Nova Scotia 

Alberta Asia 

Saskatchewan China 

Indochina & Siam 

Central America Mongolia 

Mexico Netherlands East Indies 

Panama Philippines 


Others (few Eastern Siberia 
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3) The mammal collections at the University of Michigan are kept as two separate 
units, although both are included in the loose administrative unit known as the University 
Museums. The Museum of Zoology collection is housed in the Museums Building, and 
that of the Laboratory of Vertebrate Biology in the Vertebrate Biology Building, both on 
the campus of the University of Michigan. The Laboratory of Vertebrate Biology speci 
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ACQUIRED HOMIOTHERMISM IN THE PREGNANT SLOTH 
By Prerer R. Morrison 


During a study of temperature regulation in some small tropical mammals on 
Barro Colorado Isoand, C. Z., a pregnant female of the three-toed sloth, Brady- 
pus griseus griseus, became available. This animal was taken without injury 
and was maintained in good nutritional condition. A well-developed foetus, 
estimated by Dr. G. B. Wislocki to be near term, was found dead with the animal 
about two weeks after the experiments described below were made. The normal 
body temperature of this individual at an external temperature of 25-30°C was 
33-35°C. This is in the range reported by other investigators, 32.2-34.1°C by 
Enders and Davis (1936) and 31.5-36.0°C by Britton and Atkinson (1939). 

The response of this animal to an air temperature of 6-9°C was measured by 
taking rectal temperatures at from 2 to 6 hour intervals. Three runs of 13, 16, 
and 28 hours duration respectively were made. Fig. 1 shows the results from the 
16 hour run which is qualitatively identical with the other two. The body tem- 
perature dropped sharply at first, but then stabilized in from 8 to 12 hours at 
28.5-29.5°C. In the longest run (28 hours) the temperature remained constant 
at 28.8 + 0.3°C for the last 16 hours. These runs produced no visible ill effects 
and, on removal from the cold, normal temperature was regained in several hours. 
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Britton and Atkinson (op. cit.), presumably using non-pregnant three toed 
sloths, obtained quite different results on several individuals at 10-15°C. The 
average of their two figured curves is shown in Fig. 1. The body temperature of 
their animals fell to the low 20’s in 5 to 6 hours and a state of cold narcosis some- 
times set in. Similar experiments on two three-toed sloths reported by Wislocki 
(1933) showed a fall to 24°C in 3 to 5 hours with one of the animals dying after 9 
hours exposure to a temperature of 12—16°C. 

Thus, the body temperature of the non-pregnant cloth dropped 10°C or more, 
while under even more rigorous conditions that of the pregnant animal fell less 
than 6°C. It is unfortunate that only a single animal was available and that 
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Fic. 1. The effect of cold on the body temperature of the three-toed sloth. The points 
for the non-pregnant sloth are the averag 


of two curves (20 and 24° C respectively at 6 
hours) after Britton and Atkinson (1938 


studies could not be made on this individual after the end of pregnancy but these 
results stand in such striking contrast to those obtained on non-pregnant animals 
that they appear significant. 

Further, although the normal body temperature was not high it was extremely 
constant, varying by as little as 0.3°C during a day and staying between 33.0 and 
34.0°C despite external temperatures ranging from 25-30°C. Data on the daily 
variation in a single specimen of B. griseus griseus are not available but Kredel 
(1928) describes a rise and fall of about 2°C during 8 hours in B. cucullinger 
cucullinge Fe 

The improvement of temperature regulation in a primitive animal such as the 
sloth during a critical period (i.e. pregnancy) has interesting implications when 
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one considers the evolution or origin of homiothermism in mammals. One might 
expect to find this phenomenon in the primitive monotremes with their low body 
temperatures, although their regulating ability at low external temperatures is 
superior to that of the sloth. Records are fragmentary, but in Echidna Lenden- 
feld (1886) reported a rise in temperature of 2°C at egg laying time and noted 
that the pouch temperature was higher than the cloacal temperature. Burrell 
(1927) found similarly a pouch temperature 1.5°C higher than the cloacal tem- 
perature in an Echidna bearing young. In Ornithorynchus, however, the average 
of 22 values for the cloacal temperatures of nesting females (Burrell, 1927, and 
Wood-Jones, 1923) is no higher than 2 values for non-nesting females (Burrell, 
1927, Martin, 1902). A similar situation may be indicated by the observations 
of Sutherland (1897) on Phascolarctos cinereus (koala), an Australian marsupial 
which resembles the sloth in its sluggish disposition and low body temperature. 
He found the temperature of the female to be ‘“‘very decidedly above the ordinary 
degree of warmth during the breeding season.”’ 

Among hibernating mammals, improved temperature control is again related 
tosexual activity. Inthe thirteen-lined ground squirrel, Citellus tridecemlineatus, 
the tendency towards hibernation and poikilothermism has been directly corre 
lated with the periods of gonadal inactivity in both the male and the female 
(Foster et al, 1939). Further, substitution therapy with pituitary or thyroid 
preparations during the non-breeding season resulted in transient homiother- 
mism. Conversely, extirpation of the pituitary during the breeding season cor 
verted the animals into poikilotherms although removal of the thyroid, adrenals, 
or gonads had no effect. Britton and Klein (1939) reported that the administra- 
tion of thyroid extract, thyroxin, or pituitary extract to a three-toed sloth had no 
effect on the body temperature or activity but unfortunately they did not measur 
the animal’s resistance to cold. Experiments of this sort are indicated! 


SUMMARY 


The body temperature of a pregnant three-toed sloth, Bradypus griseus griseus 
was found to fall less than 6°C when it was transferred from room temperature of 
27°C to a temperature of 10°C. This contrasts to a 10-13°C fall reported by two 
authors for non-pregnant animals. The normal temperature was not high, but 
was steady. Despite longer and more rigorous exposure, the pregnant animal 
suffered none of the ill effects reported for non-pregnant sloths at low tem 
peratures. 

These observations were made, incidental to a study of mammals in northern 
Panama, during the summer of 1941 and were supported in part by a grant from 
the American Philosophical Society to Dr. R. K. Enders. 

I am indebted to Dr. R. K. Enders for both advice and assistance, and to Mr. 
J. Zetek, Resident Curator of the Canal Zone Biological Area, for his ready co- 
operation. 
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DOUBLE HERNIA OF THE DIAPHRAGM ACCOMPANIED BY HYPEI 
PLASIA OF THE BILIARY SYSTEM AND EROSION OF THE 
THORACIC BODY WALL IN THE DOMESTIC CAT 


~~ 


By Cuarurs A. REED 


The incidence of hernia of the diaphragm in man, according to Dorland and 
Hubney (1926), is about one case in 18,000 patients; of these ruptures the most 
are on the left side. Although the incidence in other mammals is perhaps no less, 
the number of reported cases is few. Beattie (Proc. Anat. Soc. Great Britain 
and Ireland, Feb. 1927) indicates a higher incidence in the Felidae. Indeed, 
such abnormalities are not worth recording unless unusual accompanying mor- 
phological Ol pathological factors are of sufficient importance to justify publi- 
cation. 

Anatomically, diaphragmatic hernias ma} be divided into two classes: (1) 
the peritoneal cavity is abnormally continuous with the pericardial cavity or 
with one of the pleural cavities; (2) some part of the abdominal viscera bulges 
into the pericardial cavity or one of the pleural cavities through a weakened place 
in the diaphragm, but the mesothelial linings of the cavities are not broken. 
This latter type has been termed “true hernia” of the diaphragm by Abbott 

1924) and is generally so designated. 

Of the first type, only seven cases have been found in the literature for mam- 
mals other than man. One is hernia through the ventral portion of the dia- 
phrahm in a dog, reported by Barry and Donegan (1924); the others all occurred 
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in cats (Plagens and Bradbury, 1930; Potter, 1938, p. 622; Rifenburgh, Lawson, 
and Ogden, 1938; Wolfe, 1942, two cases; and Shawhan, 1942)! 

Two cases, only, were found on record of the second type of hernia, both cases 
being weaknesses in the central tendon of the diaphragm, through which part of 











Fic. 1. Ventral view of right pleural cavity and part of abdominal cavity of abnormal cat; 
the forelimb and latissimus dorsi muscle have been removed. A., cut edge of abdominal 
cavity; B.W., hole eroded in body wall of pleural cavity; CA., caudal portion of right lateral 
lobe of liver; CR., cranial portion of right lateral lobe of liver; DIA., diaphragm; DU., 
duodenum, lying in right pleural cavity;G.B., edge of enlarged gall bladder; INT., intestine; 
L., lobe of lung; L.L., left lateral lobe of liver; L.M., left median lobe of liver; PA., pan 


creas; PL., cut edge of pleural cavity; R.M., right median lobe of liver; ST., stomach x 4. 


the liver bulged into the pericardial cavity. One of these was in a cat (Brisco, 
1928) and the other in a rabbit (Thomson, 1901 


1Since submitting this paper for publication, another case has come to my attention 
Hunter (Proc. Anat. Soc. Great Britain and Ireland, Feb., 1927) mentions a cat with a 
persistent left posterior pleuroperitoneal opening, through which protruded a uterine 
horn with foetus. 
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The specimen herein described shows hernia of the first type. 


This animal is 
interesting not only because of the abnormality of the diaphragm, but more 


especially because of the resulting hyperplasia of all parts of the biliary system, 
and also because of the resulting hole worn through the lateral thoracic wall. 
The cat was being used for student dissection in comparative anatomy when the 


abnormalities were discovered. It had been procured from a pound the day after 


death and injected with an embalming fluid, following which the arteries and 
veins were injected with colored latex. I wish to thank Mr. George Piternick, 
former teaching assistant in Zoology at the University of California at Berkeley, 
for rescuing this interesting specimen from student dissection and placing it at 
my disposal. 

Description of abnormalities—The cat was a large adult male, and appeared 
normal externally. The right side of the diaphragm was perforated medioven- 
tral to its lateroventral angle by a loop of the duodenum with its accompanying 
mesentery and part of the pancreas; the duodenum extended forward for 6.3 em 
into the right pleural cavity; thus approximately 13.0 cm of the intestine lay 
within the pleural cavity. The common bile duct ran forward through the same 
perforation, in company with the loop of the duodenum, to reach the ampulla of 


Vater lying in the right pleural cavity. 


The right lung was normal, except that the caudate lobe was less than half its 
a) al 


USUAL SIZE and was deeply concave post riorly, where the duodenal loop fitted 
snugly against it 
(here was also a second, smaller, opening in the diaphragm, lateral to the one 
1 
| 


rst described, in the posterolateral angle of the pleural cavity, and thus between 
1] 1 
i 


| and the diaphragm. Through this slit protruded a part of the 


1 | 


ne hodv wa 
treater omentum, which formed a small sac, 5.5 by 4.5 em, whose cavity was con- 
tinuous with the lesser peritoneal cavity This second hernia 


i 


in the diaphragm 
vas but a slit, measuring 4.8 mm in lengtl 

The two openings in the diaphragm were close together; a muscular partition 
9.7 mm long dorsoventrally and 6.5 mm mediolaterally separated them. No 
part of the greater omentum protruded through the larger opening. 

This larger rupture measured 1.75 cm transversely and 1.45 cm dorsoventrally, 
while through it ran the two ends of the duodenal loop, the anterior with a diame 
ter of 1.8 em and the posterior with a diameter of 2.05 cm. Thus it can be seen 
ths the passage of food through the two constricted loops of the duodenum 

ould have been difficult. The resultant increase in peristaltic action and the 


consequent increase in pressure had two results: (1) the wearing of a hole through 


the lateral thoracic wall; (2) constriction of the common bile duct where it en- 
tered the pleural cavity, with resulting hyperplasia of the common bile duct, 
cystic duct, gall bladder, hepatic ducts, and interhepatic bile ducts. 


The hole in the body wall of the right pleural cavity was an oval opening lying 
between the twelfth and thirteenth ribs, the thirteenth being a floating rib and 
the most posterior one in the cat. This opening measured 29.2 by 8.8 mm; the 
long axis was parallel with the ribs, and the ventral border was at the level of the 


ventral free end of the thirteenth rib. 
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In a normal cat such an opening would be covered dorsally by a slip of the M. 
serratus posterior inferior, ventrally by a shp of the M. obliquus externus ab- 
dominis, and it would be filled wholly, medial to these, by the Mm. intercostales 
externi and interni. Of these, a remnant of the M. serratus posterior inferior 
passed in front of the opening to insert on the posterior side of the twelfth rib; a 
remnant of the M. intercostalis externus passed posteriorly from the twelfth rib 
but ended at the edge of the opening and was without insertion. The M. latissi- 
mus dorsi, which covered the dorsal half of the opening, was not affected. 

This opening in the body wall would appear to have been eroded by the peris- 
taltic action of that part of the duodenum pressing against it: indeed, the lateral 
surface of the descending loop of the duodenum bulged into the opening. Ho 
ever, covering the duodenum, and filling the opening, was that part of the great 


omentum which, as has been previously described, was inserted through the 
smaller and more lateral of the two ruptures in the diaphragm. The edges of th 
opening were smooth, as a result of the pleura having been rolled out over th 


edge from within. There was a fusion between the pleura of the posteroven 


edge of the opening in the body wall and a part of the omental sac filling i 


The margin of the larger of the two openings in the diaphragm was protected 
from the peristaltic action of the enclosed duodenal loops by a heavy cir ular 
band of tendinous tissue, bounding the hernia 

Speculation concerning the causes of this double hernia of the diaphragm is 
largely futile, since we know nothing of the history of the cat; there was no evi- 
dence of any injury ever having been suffered by the animal. That the abnor 


mality may have resulted from a developmental deficiency in the musculature 


the diaphragm, however, is indicated by the fact that on the opposite left 


from the rupture, but in the same relative position, the diaphragm had no muscle 


The liver was normal in configuration, but all parts of the biliary system wer 
} 


tremendously enlarged. Normally the gall bladder lies in a cleft in the right 


median lobe of the liver and is an ovoid organ about 2.5 em long and 1.5 em wide 


in 20 adult cats measured, gall bladder sizes varied from a maximum of 5.3 by 
2.0 em, to a minimum of 1.85 by 0.86 em 

In thi ecimen, however, the gall bladder (fig. 2) consisted of a series of lobu 
late 1, hic! valled chambers on the right side of the liv er, ¥V ith another sn aller 
chamber lying on the ventral surface of the left lateral lobe of the liver and cor 
nected to tl right sid by a large, thick-walled duct 

One of these lobules of the gall bladder would actually seem to have been the 
combined true gall bladder. cystic duct. upper part of the common bile duct, and 
part of the hepatic duct, all greatly enlarged into one common chamber; into this 
emptied the four major lobules from the right side and the enlarged duct from the 
left side. These latter lobules are either hyperplastic outgrowths from the gal 
bladder, or enlargement in situ of the interhepatic and extrahepatic bile ducts 


n either case, they will be termed gall bladder, and have been so labeled 


The walls of thes >Z ill bladder lobules Ine asured from 1.2 to 2.2 mn in thick- 


ness, wherever cut; in a normal cat the walls of the gall bladder measure approxi- 
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mately 0.6mm. The common bile duct in the abnormal animal had an external 


diameter of 4.5 mm and an internal diameter of 2.3 mm. In a normal cat the 
common duct has an external diameter ranging from 0.8 to 2.2 mm; thus, it could 
be contained within this abnormal one. 

The liver of this abnormal cat, wherever cut, showed large bile ducts, 1.0 mm 
and larger in diameter. The lobules of the gall bladder were filled with a stiff 


green gel; this may have been liquid in life. The same green gel could be 


‘ p ‘ : ’ 
sque ezed from the bile ducts on anv cut surface of the liver 





Variou iactors res} msible for complete or partial obstruction of the common 
bile duct are outlined by Weiss (1935). Elsewhere in the same source, Weiss 
discusses at length the etiology and pathology of these obstructions. To such a 
list | wish to add obstruction of the common bile duct by reason of its passage 
through a small diaphragmatic hernia in company with ascending and descending 


loons of the duc ce num. 
It has long been known that jaundice, due to absorption of bile by the lym- 
phatics, is the immediate result of obstruction of the common bile duct. This 


absorption is forced, in part, by the secretory pressure of the hepatic cells, which 
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pressure has been measured and recorded in mm of bile in various mammals: 
between 236 mm and 373 mm in cats (Herring and Simpson, 1907; Mitchell and 
Stifel, 1916): an average of 300 mm in dogs (Rous and McMaster, 1921b); and 
270 mm in man (Ravdin, et al., 1938). Moreover, the pressure remains fairly 
constant over a long period (Rous and McMaster, 1921b 

The histologic pattern of the liver in cases of such obstruction is also too well 
known to be presented again, except in outline. The interlobular bile collecting 
ducts dilate under pressure and undergo hyperplasia; the epithelium of these 
ducts becomes columnar and is thrown into high complex folds (contrast nos. 3 
and 4, Pl. 1); there is extensive proliferation of bile ducts throughout Glisson’s 
capsule; inflammation leads to general sclerosis, first around the interlobular bile 
ducts, secondly throughout the normally sparse connective tissue of Glisson’s 
capsule, and finally throughout the parenchyma of the liver lobules, reaching the 
central (hepatic) veins last; the hepatic cords lose their individuality as the cells 
become densely surrounded by reticular fibers; the hepatic cells at the periphery 
of the lobules become compressed by the growing mass of connective tissue and 
the sinusoids become obliterated; the pressure of the obstructed bile decreases 
the flow of portal blood, leading to portal stagnation, anoxemia of the portal 
blood, and eventual degeneration of the hepatic cells, especially those nearer the 
central vein (Rous and Larimore, 1920; Ravdin and Frazier, 1937); the walls of 
the dilated bile ducts may even lose their epithelium (Weiss, 1935). In short, 
we have the histologic pattern of calculous or obstructive cirrhosis. The pro- 
gressive details of obstructive cirrhosis have been described in the cat by a number 
of investigators (Harley and Barratt, 1901; Stewart and Lieber, 1935; Cantarow 
and Stewart, 1935; and Stewart, Cantarow, and Morgan, 1937) and need not be 
repeated here. In the abnormal cat under consideration, the obstruction was 
not caused by a calculus, but that is immaterial; the histologic pattern is here the 
same. The hyperplasia of the gall bladder, however, would seem to be unusual. 

For an understanding of the etiology and histology of calculous cirrhosis, one 
must possess an understanding of the normal physiology of the biliary system. 
The mechanism of this system has received considerable attention from anato- 
mists, and more from physiologists and pathologists. This knowledge has been 
summarized at various times, and from different points of view, by Mann (1924), 
Weiss (1935), Schmidt and Ivy (1937), Gorham and Ivy (1938), Carter, Greene, 
and Twiss (1939), and Lichtman (1942). 

There are two primary functions of the gall bladder. The first is to store bile 
between periods of digestion, and the second is to concentrate the bile while it is 
being stored (in some mammals with gall bladders, however, the concentrating 
ability is almost absent, and some mammals, of course, have lost the gall bladder 
entirely). The first factor is dependent upon the second, for the normal gall 
bladder is too small for effective storage of unconcentrated material (in those 
mammals with poor concentrating abilities, or without gall bladders, the dilute 
bile runs continuously into the duodenum 

The gall bladder is emptied by muscular contraction of its walls, induced by 


the liberation into the blood stream of the hormone cholecystokinin (CCK), pro- 
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duced by the intestinal wall when tats or proteins enter the duodenum from thx 
stomach (Ivy and Oldberg, 1928 CCK is a substance separate from secretir 
but related to it (Ivy, et al., 1929); CCK inhibits contraction of the sphincte ! 
Oddi (Sandblom Voegtlin and Ivy. 1935). contracts the muscle of the ga 
bladder (Doubilet and Ivy, 1938), and is then inactivated by some unknow1 
agent in the blood serum (Greengard, Stein, and Ivv, 1941 Frequent sugges 
tions that CCK cannot, alone, explain the complex functioning of the bili: 
system led to a search for a neural mechanism; Johnson and Boyden (1943) dis 
covered that, in general, the sympathetic system conti icts the sphincter of Odd 
and inhibits contractions of the gall bladde hereas the parasympathet 
agus) relaxes the sphincter ind activates contraction of the gall bladder, thi 


hastening its emptving 


Chere are, then. efficient neural and endocrine mechanisms coopel iting 


the emptying of the gall bladder under the pressure of the contraction of its 


musculature In addition peristalsis of the common duct has been observe 
vhile the gall bladder was emptving in the opossw Dubois and Hunt, 1932 
ind in man (MacDonald, 1941): presumably this is a phenomenon commot 
mammal 

Dubois and Hunt (1932b) have analyzed the mechanism of the flow of bil 
the normal cat and found that it begins soon afte eating; in some ¢ { 
thirds of the content of the gall bladder is expelled thin 45 minute Wher 
such emptying is impossible, as in the cat under discussion, this pressurs 
erted into the bile duct ithin the liver, being there augmented by the secret 
pressure ol the hepatic cell vith the Svmpton 0 ybstructive jaundice ane 
development of obstructive cirrhosis resulting 

Concerning the concentrating activi tf the g dder, Rous and MeMa 
1921a quantit itively studied the gall bladder ot the dog and tound bile t 
concentrated, mostly by removal of water, to one-eleventh of its original volun 
most mammals. including man and the cat, are similar to the dog in this respe 
In turthe or} Rous ind Vi Master LY21b) dises ered that the epitheliu 
the extrahepatic biliai passages, other than the gall bladder, secretes thi 
colorless, watery mucus, at a higher pressure than the secretory pressure ¢ 
hepatic cells If the gall bladder, with its ability to concentrate bile, is not « 
nected ith the obstructed portion of the biliary svsten this mucous fluid force 
the bile backwards. to be absorbed by the lymphatics of the liver, and fills t! 
obstructed tract with the vhite bile’ of the surgeons 

In the abnormal cat under discussion, however, the gall bladder had und 


gone hyperplasia, and was in communication with all parts of the biliary syste! 
so that the svstem was filled with a heavy, green, cone ntrated, bile ge! 
Inflammation resulting from biliary pressure causes much the same effects 
( <trahepatic bile duets as in interhepati duets: these have been described 
detail by Burden (1926) and need not be repeated here \Moreover, in this abno 


mal specimen the cystic and all hepatu ducts, as well as much of the commot 


duct. had merged into one chamber with the hy perplasti gall bladdet 
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Vertebrate Zoology at Berkeley, California, for suggestions and criticism. 


SUMMARY 


Double hernia of the right lateroventral diaphragm was found in an adult male 


cat. Through the larger and medial of these openings into the right pleural 
cavity the loop of the duodenum was inserted, carrying the common bile duct 


ith it. Peristalsis of the duodenum had eroded a hole in the lateral body wall 


of the right pleural cavity; this opening was plugged by a part of the greater 
omentum, which came through the smaller of the hernias. Constriction of the 
common bile duct resulted in tl hvperplasi f all parts of the biliary system, 
especially of the gall bladde nd in a histological pattern in the liver identical 
to that of calculous cirr} 
The normal physiology of the biliary systen is considered in relationship to 
these morphological abnormalitie 
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HEART-WEIGHT AND BODY-WEIGHT IN RODENTS 
By H. Gray 


If heart-weight be plotted against body-weight in order to show how the organ 
grows in relation to the whole body, the stream of points is curved; for conveni- 
ence it is therefore customary to straighten out the stream by some mathematical 

ransformation. For the heart, fortunately, the desired rectification is simple; 
logarit! f heart-weight plotted on logar 


ithm of body-weight falls close to a 
straight | line, with i result that its equation is easy to calculate. 


Prediction of normal heart-size of laboratory animals on the basis of their body- 
weight promises practical use, and 


is of much theoretical interest. The 
literature contains considerable documentation by authors who have tried 
generalize growth-laws by computing the “heart ratio” 100 Heart-Weight/Body- 
Weight b, which then is a percentage It may be written y bx, ory = bx:?, 

parabola with the exponent alpha - [ nfortunately, when the data re- 
ported art plott d, the « xponent does not remain unity. The size of the error 
which would result from using the HW/BW% factor may be envisaged by using 
the heart ratios given by Clark (1927) on the one hand, and on the other using our 
equations; calculating by each an estimated HW and expressing the deviation 
of the former from the latter in percentage of the latter The error averages 
about 16‘ oO, as shown in Table 1. 

The truth is that the relation of organ-weight to body-weight is much more 
closely represented by the law of relative growth; this is a parabola of similar 

] 


type, but requiring the exponent a, which, although constant within some groups 


studied, is ordinarily materially less than 1.00, rarely greater. This so-called 
allometri la \ has been discussed theor etically and studied for relationships 


between skeletal part and whole body by zoologists and general biologists who 
need not be enumerated here. But its application to organ-weights, so much 
nore important for experimental work, has received small attention (Walter and 
Addis, 1939). The abundant observations and brief treatment by the latter on 
albino rats have formed i starting point for the present extension of the 
logarithmic growth law to a larger group of the animal realm, the entire Order of 


The mathematical notation may be reviewed Let us call the body-weight in 
grams, BW or x, and the heart-weight in milligrams HW ory. Now the absolute 
growth-rate of the organ pel unit of age or time tis dy/dt. This is usually less 
illuminating than peter yg ap ike rate, i.e., referred both to time and to the 
size at any moment dy ydt, or d log.ey/dt. The ec paren ti specific rate for 


the whole body is d In x/dt. For purposes such as ours the most illuminating 
expression is the ratio of these two specific rates 
d Iny 


the relative growth rate = the exponent alpha in the familiar equation 
d In x 
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variously written 


y = bx 
log y = log b + a log x 
Y=B +aX 
where X = logio (BW in gm 
Y = log (HW in mg). 


If this formula be computed from a normal series of fair extent, we are in a 
position to predict the size of the organ from the body-weight in a subsequent 
series of experimental observations, before we are able actually to weigh the 
organs. Or, from the broader viewpoint of comparative anatomy, we are in a 
position to compare the obtained constants, particularly alpha, with those ob- 


tained for other series. We may wish to know whether other organs grow faster 


TABLE 1 Error in using heart ratio = HW/BW% factor 
ESTIMATED HW IN MG 
ANIMAL BW IN GM HEART RATI ® ERROR 
By Ratio By Equation 

House Mouse 16 0.63 101 120 —16 
Tame Rat 150 0.41 615 542 +13 
180 0.41 738 623 +18 

240 0.385 928 778 +19 

Tame Rabbit 2000 0.29 5800 5094 +14 
Average 16 


(bigger exponent), or slower than our own series (smaller alpha If the com- 
parisons are being made within the same species, then alpha is called the equilib- 
rium constant and relative growth is called heterauxesis. Or if a comparison is 
designed to reveal whether, at any given stage of development, a chosen organ 
grows faster or slower than in other species, that is between species, the alpha is 
called the limiting equilibrium constant, and relative growth is called allometry. 
When the constants compared prove to be alike, we speak of isauxesis or of 
isometry ; whereas the more usual finding of growth either faster or slower may be 
termed tachyauxesis or bradyauxesis (Needham and Lerner, 1940). 

For study of the heart, the rat is a particularly valuable animal because in 
comparison with man and other species his heart is free from fat, his diet is con- 
stant, at least in our colony here, and his exercise under the caged conditions of 
the laboratory is more constant than among free-living animals. 

METHOD OF TREATING THE DATA 


An amazing number of authors have been quite content to evaluate the con- 


stants for the rate or slope alpha and the initial growth index b, from two animals 
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only, namely a pair of values (body-weight and organ weight) for a small animal, 
and another pair for a large animal. The crudity of this approximation to the 
postulated straight line law is apparent from any series of animals reported 
for a species; considerable variability between individuals within the 
species is conspicuous, and consequently manifests the unreliability of those 
equations in the literature based on two individuals taken at random. In fact 
the crudity is such as to hamper comparisons between the constants obtained by 
varying groups, and as such comparisons are the essence of comparative anatomy 
and physiology we have felt obliged to resort, despite the enormous increase in 
labor, to the following method of treatment of the data. It is now seen to be 
fortunate that a number of editors have had a sufficiently long view to give expen- 
sive space in their journals to the details of original observations. 

Much more laborious but much more reliable is the utilization of all the animals 
reported by an author, or, when they are too numerous, use of organ means for 
several (say 10-20) body-weight classes. Our procedure, therefore, has been to 
plot the logarithm of body-weight as X and logarithm of organ-weight as Y. 
Through most of our work the units used are logarithms, not grams. Two lines 
were pencilled to indicate the approximate borders of the stream of observations, 
and square brackets used to mark points which lay outside the stream. Such 
points are (a) frequently due to the youth of the animals concerned, because in 
youth the organ-body relationship is often distinctly different from that pertain- 
ing to most of the growth period; (b) occasionally due to the fact that increase in 
body-weight does not always cease when the rats have reached maturity but may 
continue thereafter provided they remain healthy, and this is not true growth 
but chiefly fat; (c) rarely due to presumptive errors in the record. While such 
omissions are admittedly arbitrary, they will not be individually discussed be- 
cause it is reasonable to assume that the true tendency of the lines desired is 
approximated more closely by use of the data after the exclusions, and also 
because the outlying exclusions amounted to a minute percentage of the observa- 
tions plotted. 

From the remaining data, then, the constants were computed by least 
squares. Some remarks on the procedure are necessary in order to discuss the 
advisable method to be used for pooling data. First, from the items X, Y on each 
row of the worksheet, the extensions are calculated X?, XY. From this stage 
on there may be a choice of procedures. 

Within the Group.—The simplest case to be considered may be called the 
primary group. This is defined as any group of observations which are presum- 
ably homogeneous and which present a linear stream of points. Generally we 
start with one sex of one colony, that is, from one author; subsequently we test 
in widening groupings: e.g., a species (comprising colonies from several sources), 
or a genus, a family, an order, a class. Specific examples will be seen as we pro- 
ceed. For such a primary group, then, we have a certain number of animals, N, 
each animal with a frequency of 1; or else each weight-group with a corresponding 
frequency. In either case each row of the worksheet shows the columns X, Y, 
X?, XY. These extensions may be summed directly to get unweighted sums, or 
may be first multiplied by respective frequencies before adding to get the 
weighted sums. 
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(a) Unweighted.—The direct sums are SX, SY, SY?, and S(XY); we compute 
SX/N = mean of X = X, and SY/N = Y;and with these six values we compute 
the regression equation for the desired line which defines neatly the relation of 
the organ-weight to body-weight. 

(b) Weighted.—Alternatively it may in some cases seem more representativi 
to use weighted sums. This occurs most naturally when the original data wer 
recorded not for individuals, but as mean organ-weights for classes of individuals 
with body-weights within a certain range. The class body-weight then was 
usually assumed to be the midpoint of the class weight range, or sometimes the 
mean body-weight was actually computed. We have then a frequency for the 
body-weight class on each row on our worksheet, and using each frequency as a 
factor we multiply each of the four primary extensions on the row, getting fX, fY, 
{X?, {XY; addition gives us S(fX), S(fTY), S(EX2), S(@EXY) with the number of ob 
servations N =§f. Occasionally, when a few rows each represented a much larger 
frequency of animals than the other rows on our worksheet, a bias resulted so that 
the computed line plainly did not fit the stream of points; then the extensions 
were summed without weighting, and the constants re-computed, with a result 
ing equation which was a much better fit to the plotted points. In the present 
paper we have often used weighted sums despite the additional labor involved. 

Pooled Groups.—When the line equations have been obtained for each of sev- 
eral primary groups, and these lines lie reasonably close together when ruled in 
on the plots, the problem arises of pooling. For example, the members of a poo! 
may be males plus females and we want a line representing the species without 
regard to sex, for comparison with the pool for another species. Or again, the 
members may be several species within a family, and we need a single equation 
for comparison with another family. The constants will differ, at times mark 
edly, according to the method used for pooling, hence these must be discussed. 
They will be described in order of convenience, not order of merit. 

Method I, Consolidating the Sums of the Extensions.—A table is made listing 
on successive rows the several ‘‘“members” to be pooled, with the N and the four 
sums already obtained foreach. The five columns are added up and these totals 
used to compute an equation for the pool. By this method those members hay 
ing the larger N’s are given proportionate influence in determining the equation 
This is desirable in some pools; for example, suppose one genus comprised 5 
animals all about the same size, and another genus comprised 20 animals of 
varying sizes, and the 25 points are plotted; then a line fitted to all might repre 
sent all the genera composing the family much better than a line connecting the 
two genus-means of 5 and 20 animals respectively. 

Method II, Averaging the Slope.—A table is made summarizing on successive 
rows the constants already evaluated for each member of the pool, namely X, Y 
and slope (alpha). These three columns are each added, and divided by the 
number of members in the pool; in other words, each ‘‘member’’ is treated in this 


method as if it were centered in a single individual animal. The quotients give 
us the mean X, mean Y, and mean slope, whence we derive the line equation for 
the pool: 
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Y predicted Y-—-ax+aXxX 
= logiob +aX, 


where the compound term logiob is the intercept on the Y-axis. By this method, 
it may be observed, somewhat different results will be obtained for the largest 
final pooling, according to which poolings are successively selected as appropriate 
for broader and broader zoological considerations, and also according to the 
number of groups available for each particular pool. 

Method III, Fitting a Line to the Members Each as a Single Point.—A table 
is made summarizing in successive rows for each constituent member its computed 
X, Y; then treating these means as if individual X, Y; that is, calculating X?, 
XY, getting the four sums, which together with the number of rows (members, 
say species) as N, will yield a regression equation. 

In this paper, sometimes one among these methods has been tabulated, some- 
times another, sometimes more than one, in which case the one preferred was 
marked P, and that one is used in any subsequent broader pools. 

The end results obtained in this paper, being based on much broader evidence 
than in most papers treating this type of equation are presented as much closer 
approximations to the underlying relations than values so far published. 


ALBINO RAT 


The material with which we begin has been briefly treated by Walter and Addis 
(op. cit.). At that time they judged the data better fitted, as is true sometimes, 
by introducing a third constant c, making the equation 

7 = @ b “% 
In the present paper the simpler formula without c has been used throughout. 
For the rats this new equation-line lies so near theirs that no plot need be re- 
produced 

Sex.—The effect of sex is seen (fig. 1) to be negligible, at least by comparison 
with the effects of species and family, which are our main concerns. The finding 
is therefore of some importance because it makes further analysis of our collected 
data much easier by pooling the sexes. Strictly speaking, as can be seen from 
the constants tabulated in Table 2, the male albino has a heavier heart than the 
female of like body-weight by only 1%; and this is true in most species. How- 
ever, in an occasional species such as the brown rat, the male heart is lighter. 

Variation.—The differences in relative growth rate have been studied by Ler- 
ner (1938) on chicken legs by the analysis of variance, and found to fluctuate at 
different stages of growth. Thisisimportant. It will not however be introduced 
into this paper, partly to save space and partly to avoid confusing the compari- 
sons with which we are at present concerned, namely between different authors, 
species and families of the animal kingdom. We shall content ourselves with the 
computation of the sampling errors of the slope in each of the sexes; the standard 
error of the constant alpha was only 0.00105 for the 1096 male albino rats, and 
0.00114 for the 900 females; and the corresponding standard errors of estimate 
were 0.009 and 0.007. 
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Colony.—The effect of the strain in different laboratories is discernible in fig. 2. 
If an investigator wants to take the trouble, he can obviously make somewhat 
closer predictions by repeating our work on a normal series in his own colony 
(strain and environment together). 

Exercise.—The heart hypertrophy following forced work is particularly nota- 
ble in the high position of the line got from our calculations on the ingenious 


















. 
3.0F 
ALBINO RAT 
J ADDIS’ COLONY 
28r 
c ~ 
= 
= 
= 2.6F 
o 
) 
= & 
E 
~ 24 ¥ 
> 
o : 
> 9 4 
2.2} Male =~ 
; Female —~>-> 
2.0r 
1.6 18 2.0 22 24 26 
log (Body Weight in gm.) 
Fia. 1 
experimental data of Kirch and Griinbauer (see Gray and Mahan, 1943). It 


affords beautiful confirmation of Kirch’s scanty but suggestive observations on 
athletes, charted in another paper (Gray and Mahan, 1943) dealing with the 
heartin man. For the collected 2381 male-female rat hearts, omitting the swim- 
ming rats, the albino pool is represented by the heavy line in fig. 2. 


FAMILY MURIDAE 


The family of which rats (genus Rattus) are a part may next be examineu. 
The albino line was copied in fig. 3, where it is comparable with the line formulae 
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for other species of rats and mice. The albinos had smaller hearts than the other 
species, perhaps because they got the least exercise; while the largest hearts 
(always relative to body-weight) belonged to the brown rats. Again, a pool of 
the several groups is shown as a heavy line, this time for the Muridae as a family. 
All the important calculations up to this stage are reduced to Table 2. 
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Fig. 2 


FAMILY LEPORIDAE 


Besides the Muridae, the only family within the Order Rodentia which yielded 
results remarkable enough to require a separate plot, was the rabbit family. 
There the reader will be struck, not only by the huge hearts (always speaking 
relatively of course) of the hares, but also by the larger hearts in free-running 
wild rabbits as against domestic rabbits. From another angle, presumably 
allied to arterio-sclerotic degenerative disease, the chart demonstrates the associ- 
ation of big hearts with diets high in cholesterol. (see fig. 4). 
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Sampling Error.—It may be asked what amount of biological fluctuation 
around E, the estimate of logarithm of heart-weight, is to be considered in using 
one of these prediction formulae. Computation for all the formulae in the 
tables would be excessively laborious; an example of the magnitudes was given 
in the paragraph above for 1096 albino rats; a second example will now be given 
for male and female rabbits, domestic and wild together, but excluding hares; the 
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number in this group was 232, hence the errors come out smaller. The equation 
for log(HW in mg) is 


E = 3.673 — (0.8504)(3.214) + 0.8504 log(BW in gm) 
= ().9404 + 0.8504 log BW, 


and the standard error of estimate was 0.043, with a standard error of the slope 
alpha = 0.023. 
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ORDER RODENTIA 


The classification used in this paper is obviously open to criticism. Systematic 
manuals differ and so the arrangement here used cannot conform to the views of 
all experienced mammalogists. Furthermore, the families do not cover all ro- 
dentia of either the old or the new world, nor are they represented in equal 
numbers by the data found for study. 
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Now we can survey 10 families (Castoridae, Cavidae, Cricetidae, Dasyprocti- 
dae, Hystricidae, Jaculidae, Leporidae, Muridae, Muscardinidae, Sciuridae) of 
the Order Rodentia. The essential data are in Table 3, and the regression lines 
are compared in fig. 5. The heavy line, as usual, represents the pool, here for the 


Rodents. Each black dot places the average for the group indicated in writing 
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on the figure. For instance, the imaginary average rodent can be seen, in both 
table and diagram, to have had: 


Average for log BW X = 2.6506, 












Average for log HW Y = 3.3656; or 
Average BW 147 gm, 
Average H\W 2321 mg. 
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The jerboa (only 1 specimen) and the 4 porcupines had the biggest hearts rela- 
tively to the size of the body, the mice and rats and rabbits had the smallest. The 
final formula for the 3131 rodents will serve as a paradigm for practical use of 
the constants listed in Table 3. The predicted or expected value 
E=X¥+(X-X 
Y-A+X 
= log b + X 
1.0172 + 0.886 X; 
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if then we wish, as a basis of comparison with another series of rodents or with 
another group of the animal kingdom, to use a rodent weighing say 450 grams, 
we can write 


log HW 1.0127 + 0.886(log 450) 
3.3679, and therefore 


2333 mg expected. 


I 


HW 


II 


Or if, as is more usual, we wish to compare an experimental animal with a norm, 
we should pick from one of the tables that line which is nearest in character to 
our experimental animal, say a male albino rat: 


log HW = 1.0734 + 0.763 (log BW) 


and substituting the body-weight of the experimental rat, say 164 gm, we find 
the predicted HW = 580 mg for a normal animal of the same body-weight. 

Units Used.—The units used above and throughout this paper have been 
logarithms to base 10, in order to deal with straight-line equations. They can 
be converted to the less convenient but occasionally used form of a parabolic 
curvilinear equation; for example, the formula last given, for the 1096 male rats, 
would become 


y= b Xs 
= 11.84 x?78 
HW in mg = 11.84 (BW in gm) 0.763 


It is a pleasure to acknowledge the guidance by Dr. Robert T. Orr of the Cali- 
fornia Academy of Sciences to books on zoological classification; and the heavy 
computations done by Mrs. Eleanor M. Tobin. The research was aided by a 
grant from the Rockefeller Fluid Research Fund. 


SUMMARY 


Prediction for experimental work on the heart can be better performed by the 
relative growth formula than by methods hitherto advocated in the literature. 
This formula expresses the logarithm of heart weight referred to the logarithm of 
body-weight. It is here applied to 3131 rodent hearts, and the condensed re- 
sults tabulated as matter of record for special students of heart size. For more 
immediate comprehension, the main equations are graphed, and the way to use 
them is illustrated by paradigms. 
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TWO NEW RODENTS FROM MEXICO 
By WitFrep H. Oscoop 


During two expeditions to Mexico conducted by Mr. Harry Hoogstraal in 
cooperation with the Chicago Natural History Museum, various mammals were 
obtained which are still awaiting careful study. Among those from the ex- 
pedition of 1941 to the region of the Cerro de Tancitaro in the state of Mich- 
oacan are several species of Peromyscus, one of which is obviously without a 
name. This is described below together with a slightly differentiated sub- 
species of Oryzomys obtained by myself during a recent vacation trip. 


Peromyscus perfulvus sp. nov. 


Type.—Adult male, skin and skull, no. 52041 Chicago Natural History Museum; col 
lected Aug. 10, 1941, by Frank C. Wonder from 10 kilometers west of Apatzingan, Micho- 
acan, Mexico, altitude 1040 ft.; original no. 1263 

Characters.—A medium-sized mouse of mainly clear cinnamon rufous color with a long 
unicolor and hairy tail well pencilled at the tip; soles of hind feet hairy for proximal fourth; 
upper parts bright cinnamon rufous with thinly scattered dusky hairs only slightly more 
numerous on the back than on the sides; face from nose through eyes to base of ears irregu- 





grayish; a very narrow dusky eye ring; forefeet white without any dusky ‘“‘wrist’’ 
marking; hind feet white with a brownish metatarsal area, in some specimens extending 
as a narrow wedge to the middle of the upper surface; ears light brownish; tail above and 
below uniformly brownish (sepia); under parts creamy white, the hairs with plumbeous 
bases except on the chin and throat where they are wholly white. Immatures are mainly 
cinnamon drab with undersides of tails slightly lighter than the upper. 

Skull mainly as in spicilegus, evides, and azlecus; braincase fairly long, not greatly in- 
flated; supraorbital border sharply angled but not beaded, although somewhat elevated 
in aged examples; a slight salient angle of frontals just in front of parietals suggesting an 
incipient postorbital process; interparietal rather large; audital bullae small, propor- 
tionately about as in the ‘‘boylet group.”’ 

Measurements.—Average of seven adult topotypes: total length 244.4 (230-254); tail 
vertebrae 132.4 (125-138); hind foot 25.3 (25-26). Skull of type: greatest length 29.4; 
basilar length 22.5; zygomatic width 15.4; interorbital constriction 4.7; interparietal 10.2 X 
4.5; nasals 10.2; palatine slits 5.3; diastema 7; maxillary toothrow 4.3. 
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Remarks.—Sixteen specimens of this form are at hand, eleven from the type locality 
and five from the vicinity of Tacambaro (6 mi. 8. and 1 mi. E.) at an altitude of 4000 feet, 
the latter belonging to the University of California and kindly loaned through Dr. E. R. 
Hall who with his students is now studying a considerable collection from Michoacan. 

It is perhaps unlikely that this is a species wholly distinct from any previously described 
but without reviewing a very large amount of material, which is impractical at this time 
its exact position is somewhat uncertain. Its cranial characters show conclusively that 

has no close affinities to P. melanophrys or P. banderanus, both of which have represen- 
tatives in Michoacan. The skull with its rather small audital bullae, its smoothly angled 


supraorbital border, and its well-proportioned braincase, seems to point to the “‘boylei 





group”’ as represented by evides, aztecus, and spicilegus from all of which it differs 
in external appearance. All of these were somewhat tentatively regarded as subspecies of 
boylei in the revision of 1909 and since that time no additional material of consequence has 


been studied. Therefore, it is still somewhat uncertain as to their exact status. No direct 





comparison has been made with simulus, which is a much smaller form, but it is not un 
likely that this may be the one to which perfulvus is most related, although nothing closely 


resembling either has been reported from the coast of Colima in the region intervening 


between their ranges 
s at Apatzingan are those of the Ar 


d Tropical Zone characterized by thorn 
] 





Conditi g i 
bush and cacti. However, Mr. Wonder, who colle 


were trapped some 6 miles from there in luxuriant growth surrounding a spring-fed] 


ected the specimens, reports that they 











rather than in desert scrub. At the same locality, he obtained a series which may be re- 
ferred to Peromyscus banderanus vicinior and which apparently represents the 
development of its characters. All are very dark colored with buffy underparts, fre 
quently with heavy ochraceous pect« th the median area of the hind feet 
blackish nearly or quite té the base Ss potyp f cinior fro La Salada, 
for the loan of which I am indebted t« | Serv hrough Dr. Hartle 
Jackson, although paler, shows thes¢ ‘rs only in slightly lesser degree On refer 
ring to the original description of vicinior, I find without much pride that it is a mixture 
based on the assumption that differences between specimens from La Salada and from 
I Reyes re Seasol It now appears that r is not a form of the interior high 
lands but of the hot valle Che specimens from Los Reyes are only slightly dar hat 
series rece! obtained from the vicinity of Zitacuaro in eas Michoacan. The present 
mat I iff ) t ine whetl thes re distinguishable tro Ca 
bande 
Oryzomys fulvescens engraciae subsp. nov 

Type Adult female, skin and skull, no. 54164 Chicago Natural History Museum; col- 
lected March 18, 1945, by W. H. Osgood from Hacienda Santa Engracia, northwest of 
Ciudad Victoria, Tamaulipas, Mexico, altitude 240 meters; original no. 7496 

Chart Similar to O. f. fulvescens but small ind paler Skull smaller and nar 
rower interor! lly ens 

Measure t idults: tota ngth 171; tail vertebrae 92; hind foot 
0. Skull of type 20.9; basilar length 15.8; zygomatic width 11; interorb- 
ital constriction 3.1; diastema 4.7; maxillary toothrow 2.8 

Remar! Three specimens of this form from west central Tamaulipas not only extend 


the range of O. fulvescens northward, but appear to differ sufficiently from the typical form 
of Veracruz to w 





‘rant subspecific recognition. They are not only smaller but also much 
less richly colored. Goldman, in his revision of Oryzomys (N. Am. Fauna No. 43, p. 91 


! 


1918), records a single specimen as fulvescens from Alta Mira in extreme southern and 





coastal Tamaulipas. This specimen, kindly loaned by the Fish and Wildlife Service, 
proves to be a skull without skin. It is smaller than specimens from Veracruz but has the 


interorbital space wider than in the skulls from Santa Engracia 
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The color in this form is much the same as in O. f. lenis of western Mexico, but that 
form is larger and its skull is even larger and broader than in fulvescens 
The specimens were caught in lges between cultivated fields where Peromyscus 


and Reithrodontomys were taken i 





Chicago Natural History Museum, Chiago, Illino 


THE VARYING LEMMING (GENUS DICROSTONYX) 
IN CANADA 


By R. M. AnpERson AND A. L. RANpD 


The lemmings of the Genus Dicrostonyz | 
been characterized in detail by Miller (The genera and subgenera of voles and 


lemmings. North Amer. Fauna, no. 12, pp. 38-40, 1896). The fore feet are 


I 





ave several peculiarities, which have 


highly modified, particularly in the very small thumb with a rudimentary nail 
and in the powerful third and fourth claws. The latter become greatly enlarged 


t 


in winter by the growth of the bulbous portion underneath, which grows longer 
and vertically deeper until it equals or exceeds the upper portion of the claw from 
which it is separated by a deep lateral groove. The partially split or bifid tip 
gives the appearance in winter of a double claw that becomes normal in spring 
when the winter growth drops off. The designation of ‘‘Fork-clawed lemming” 
is correct only for winter specimens. Dicrostonyzx is the only true rodent that 
becomes white in winter, but the common name ‘‘White lemming”’ is appropriate 
only when the animal is in the full winter coat. ‘Collared lemming” is also an 
uns tisfactory name because the so-called ‘‘collared”’ appearance is vaguely 
recognizable only in occasional summer specimens and is totally lacking in 
winter. A more appropriate collective name for the species of Dicrostonyz is 
rarying lemming. The color changes of pelage in general resemble those of the 
urying hares (Lepus 

The American forms of the genus were revised by Glover M. Allen in 1919 
The American collared lemmings (Dicrostonyx), Bull. Mus. Comp. Zool., 
Harvard University, vol. 62, pp. 509-570). In our area he recognized three 
species: D. hudsonius from the Ungava Peninsula; D. groenlandicus from Baffin 
Island and Ellesmere Island to Northeast Greenland; and D. rubricatus, repre- 
sented by two races, richardsoni in the east and rubricatus in the west, on the 
mainland from Hudson’s Bay west to Alaska. He suggested that the last two 
species might be found to be conspecific. 

In 1924 Allen and Copeland (Jour. Mamm., vol. 5, pp. 9-11) recorded groen- 
landicus from Victoria Island. Hinton in 1926 (Monograph of the voles and 
lemmings, etc., vol. 1, pp. 151-158) accepts Allen’s views and extended the 
known range of groenlandicus to include Melville Peninsula. Sutton and 
Hamilton (Memoirs Carnegie Mus., vol. 12, pp. 58-70, 1932) identified South- 
ampton Island specimens as Dicrostnoyx rubricatus richardsoni, while Degerbgl 
(Report of the Fifth Thule Expedition, 1921-24, vol. 2, pp. 9-16, 1935), review- 
ing the status of certain lemmings from north and west of Hudson’s Bay, points 
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out that they are intermediate between D. groenlandicus and D. rubricatus rich- 
ardsoni, and that, as Allen (1919, op. cit.) suggested, the species groenlandicus 
and rubricatus must be combined under the name groenlandicus. 

The form hudsonius is restricted to the Atlantic coast of Labrador, the south 
side of Hudson Strait and the east coast of Hudson’s Bay, and some nearby 
islands where no other form of lemming (neither Dicrostonyx nor Lemmus) occurs. 
Its pelage recalls that of groenlandicus (Hinton, op. cit.), but the tooth characters 
are distinctive and suffice to set it off as a distinct species. 
tresse 


This view is but- 
d by the study of fossil European materials which show that two forms 
having tooth characters somewhat similar to the two American species left their 
remains in European Pleistocene deposits (Hinton, op. cit.) 


However, Hinton 
points out (p. 147 


that the slight dental differences shown are not useful in 
drawing conclusions as to the interrelationships of known forms, fossil or recent. 

The National Museum of Canada has accumulated 163 skins and 219 skulls 
of this group of lemmings, a collection which allows some conclusions to be 
drawn and necessitates the description of another hitherto unrecognized form. 
We are indebted to Mr. Tom H. Manning for the donation of a large series of 
D. hudsonius collected on the mainland on east side of Hudson’s Bay and on 
several adjacent islands; to Mr. Charles Elton, Bureau of Animal Population, 
Oxford University, and to the Hudson’s Bay Company for series of the same 
form collected on the Belcher Islands by Mr. E. H. Riddell; and to Mr. Charles 
M. B. Cadwalader, Academy of Natural Sciences, Philadelphia, for the loan of 
topotypical rubricatus from Point Barrow, Alaska. 


The species recognizable in Canada stand as follows: 


Dicrostonyx hudsonius (Pallas 
Dicrostonyx groe nlandicus (Traill 


Both of the above species turn white in winter, but the summer pelage of the 
different races of groenlandicus show pronounced geographical variations. A 


discussion of these forms follows: 


DICROSTON YX HUDSONIUS 


Dicrostonyz hudsonius (Pallas Ungava Varying Lemming 

1778. Mus hudsonius Pallas, nov. spec., Quad. Glir. Ord., p. 26, fig. A. B.C. Labrador, 
probably the east coast 

1897. Dicrostonyxr hudsonius Bangs. Proc. Biol. Soc 
September 17, 1897. 


Diagnosis 


Washington, vol. 11, p. 237. 


A large form with first and second lower molars lacking a posterior internal 
vestigial angle, lower third molar usually without an anterior inner fold; summer coat of 
adults nearly uniform buffy gray above, with an indistinct blackish spinal stripe ; ear tufts, 
flanks, and throat buffy or rusty; belly gray, usually strongly tinged with buffy. 
Measurements.—Allen (op. cit., p. 516) gives the average of 6 adults as 
mm; tail 20.3; hind foot 22.1. 


Total length, 148 
Ten skulls in our collection measure: Basal length, 29.1 
(28.0-30.25) ; zygomatic breadth, 20.5 (18.25-21.5 

Distribution. 


Unforested regions of the Ungava Peninsula, including the Atlantic coast 
of Labrador (Hamilton Inlet-Indian Harbor and Rigolet, Hopedale, Nain, Okak, and 
Rama), south side of Hudson Strait (Chimo, Hope’s Advance, Stupart Bay), and east coast 
of Hudson’s Bay and islands from Digges Islands to Belcher Islands and Great Whale River. 
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temarks.—Hinton (op. cit.) has pointed out that externally this species is quite similar 
to gro¢e nlandicus, but the characters of the first and second upper molars are tre nchant, 


and in view of the fossil evidence from Europe (see Allen and Hinton) it seems advisable to 


keep this as a distinct species. The character of the interparietal brought out by Allen is 
relativ The interparietals often tend to be rectangular in shape, and are usually in con- 
tact with the squamosals. 

We have specimens in full summer pelage from May to early September. ‘An April speci- 
men from Chimo has acquired about half of its summer pelage. October specimens are 
changing into winter pelags We have very small young specimens taken August 13 and 23 


This species has been bred in captivity from Belcher Islands specimens at the Institute of 


Parasitology, Macdonald College, Quebec, and we are indebted to that institution for several 


specimens 1! the flesh 
Specimens examined: Total number, 51 skins, 58 skulls. Labrador (Atlantic coastal 
area): Hamilton Inlet, Indian Harbour, 2 skins, 2 skulls. (16 additional specimens from 


aborador coast, from Hamilton Inlet north to Hopedale, Nain, Okak, and Rama, are 

1919, op. cit., p. 518 Quebec: Hudson Strait: Chimo, near south end 

skulls, 2 skins ; Cape Hope’s Advance, 1 skin; Cape Wales, 1 mounted skin; 

skins, collected by Dr. Robert Bell in 1885. Hudson Bay, east side: Little 

rth, 1 skin; Port Harrison region (Port Harrison, Mistake Bay, and 
} l 


> alread 


kulls ; Second River, about 56° north, 1 skin. Northwest Territories: 





ast side of Hudson Bay near west coast of Quebec, but for adminis- 





tached to Keewatin District, Northwest Territories : 19 skins, 23 skulls; 
10 skins, 15 skulls; Christie Islands, Nastapoka Bay, 8 skins, 8 skulls; 
LaPerriere, 1 skin lected by Dr. Robert Bell in 1885. 
DICROSTONYX ( NLANDICI 
Allen (1919) has shown that rubricatus and richard intergrade ; Degerbgl, that richard- 
und groenla is intergrade, thus they are conspecific, yet distinct as geographic races. 
Although race groenlandicus approaches D. hudsor , the presence of posterior 
7 rles on the first and second upper molars, and the presence of an anterior 
internal fold on the third lowe olar separate . es sharvlv fro hudsontus The 
lor in the summer pelage varies greatly with the subspecies. Four geographic races are 
recognizable 
Di tonyx groenlandicus groenlandicus (Traill Greenland Varying Lemming 


1823. Mus groenlandicus Traill, Scoresby’s Jour. Voy. Northern Whale-Fishery, p. 416 
Jameson’s Land, east of Greenland, about latitude 71° north 

191] Dic stonyx hudsonius groenlandicr Jacobi, Abhandl. u. Berichte k. Zool. u. 
Anthrop.-Ethnol. Mus. Dresden, vol. 13, 1908, no. 4, p.6. 1911 

1919. Dicrostonyz groenlandicus G. M. Allen, Bull. Mus. Comp. Zool., vol. 62, p. 533 


February, 1919 


Diagnosis.—Adult summer pelage grizzled gray above, with slight rusty tinge on 
shoulders, ear-tufts and flanks ; under parts grayish white, washed with buffy ; obscure dusky 
dorsal stripe present or, more commonly, absent; skull with interparietal reduced in size 


and usually more acute on anterior margins ; nasals more slender and more pointed posteriorly 


as compared with richardson Degerb¢l has shown that the difference in dental characters 


is less than indicated by Allen 
VM easurements.—Two of our largest Baffin Island specimens measure: Total length, 132, 


) 


132 mm: tail, 10, 15; hind foot, 15, 19: 5 skulls average: basal length, 26; zygomatic 





Distribution.—From northern Greenland to Axel Heiberg Island, Baffin Island, Melville 
Peninsula, Southampton Island, and Baker Lake, Northwest Territories, intergrading with 
richardsoni in the southern part of the area 

Remarks In color, this is a well-marked race. Degerbgl has referred toa specimen from 
Axel Heiberg Island to this form. Specimens from north and west of Hudson’s Bay and 
Southampton Island have been referred to richardsoni by Allen (op. cit.), and Sutton and 
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Hamilton (op. cit.). Hinton (op. cit. p. 156) refers specimens from north of Repulse Bay to 
groenlandicus. Degerbgl (op. cit.) considered specimens from Chesterfield Inlet, north to 
Melville Peninsula, as intermediate between these two forms, but closer to richardsoni. 
Specimens from the southern part of the range are certainly larger than Baffin Island 
specimens (5 Southampton Island skulls average: Basal length, 28.2; zygomatic breadth, 
19.5 mm), and Degerbgl has shown that Baffin Island specimens are browner than Greenland 


specimens, but our series of specimens in summer pelage, including 18 from Baffin Island, 3 











from Melville Peninsula, 4 from Iglulik (Fury and Hecla Strait), 2 from Southampton Island, 
and 1 from Baker Lake, while showing some increase in brownness to the southward, are all 
closer to the gray Baffin Island specimens than to our specimens of typical richardsoni, and 


are referred to groenlandicus on this basis 


examine Total number, 39 skins, 75 skulls Northwest Territories: 
District of Franklin: Baffin Island (Amadjuak Bay, 5; Cape Dorset, 


a3 Cape Kungovik, 1: 
Gordon Bay, 1: Lake Hart 


Harbour, 7; Nettilling Lake, 6; Pangnirtung Fiord, 2; Pond Inlet, 1 
Fury and Hecla Strait (Iglulik Island, 4); Melville Peninsula (Bazain Inlet, 3 District of 
Keewat Baker Lake, 1; Southampton Island (Coral Harbour, 2 skins with skulls; also 


36 additional skulls from Southampton Island 


Dicrostonyx groenlandic ichardsoni Merriam. Richardson Varying Lemming 


1000 Dicrostonyz richardsoni Merriam, Proc. Biol. Soc. Washington, vol. 2, p. 26, March 
14,1900. Fort Churchill, west shore of Hudson Bay, Manitoba 


1919. Dicrostonyx rubricatus richardsoni G. M. Allen, Bull. Mus. Comp. Zool., vol. 62 


p. 525, February, 1919 

1935 Dicrostonyz groenlandic richardsoni Degerbgl, Rep. Fifth Thule Exped., Mam 
mals, vol. 2, 4-5 pp. 9-16 

Diag? Adult summer pelage nearly uniformly grayish brown, grizzled with bla 








above, with an indistinct narrow dorsal stripe; sometimes with a little chestnut about the 


shoulders; throat chestnut; rest of underparts g 





usually strongly tinged with bu 
Interparietal rather large, anterior border tending to be bracket-shaped ; tongues of parietals 
usually nearly or quite separating the interparietal from the squamosals 





Measurement The largest male in our series measures: Total length, 146 mm; t: 16 
hind foot 20; the largest femal » 145-12-18: basal lengtl , 29; zygomatic breadtl 20.25: two 


Tavani skulls measure : basal length, 27.5, 29; zygomatic breadth, 20, 20 


Distributtor The barren grounds west of Hudson’s Bay, from Churchill (Manitoba 
lery Lake (Mackenzie District 


north to Tavani (Keewatin District), and west to Artil 








intergrading with groenlandi: to the north, and with the new subspecies, described below, 
to e nort! 

Rema This is a well-marked subspecies, especially in color of pelage. Specimen 
from Churchill to Tavani are fairly uniforn Allen (op. cit .d two specimens from 
Artillery Lake as nearly typical ‘-hardsoni in color of summ«e pelage. 

Specir exami? Total number, 28 skins with skulls. Manitoba: Churchill, 9 
Northwest Territories: Aecewatin District: Kazan River, 15; Tavani, 4 Mackenzie District 
Thelon Game Sanctuary, northeast of Great Slave Lake l 
Dicrostonyx groenlandic ibricatu Richardson Northern Alaska Varying Lemming. 

1839 { la rubricatus Richardson, Zool. Beech« j yoyage, | 7 American side of 

Bering Strait, Alaska 
1900. Dicrostonyx nelsoni Merriam, Proc. Washington Acad. Sci., vol. 2, p. 25. St 


Michael, Norton Sound, Alaska 

1937 Dicrostonyz groenlandicus rubricatus Anderson, Mammals and Birds West Arctic 
district, in Canada’s Western Northland, Dept. Mines and Resources, Ottawa, p. 110 
July 9, 1937 


Diagnosis.—In summer pelage, shoulders chestnut, shading posteriorly into grayish and 
blackish on hips; indistinct, dark, median dorsal stripe present; throat 
underparts buffy. 


chestnut; rest of 
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Measurements.—Allen (op. cit. p. 520) gives the measurements of adults: Total length, 
150-157 mm; tail, 12-20; hind foot, 19-22; basal length 28.8 mm; zygomatic breadth, 20.7. 

Distribution.—Tundra or unforested regions of northwestern and northern coasts of 
Alaska from Kuskokwim River (Bering Sea) north to Point Barrow, and southeasterly from 
Barrow along the coast of Alaska and Yukon Territory to the western edge of Mackenzie delta 


in extreme northwestern corner of the Northwest Territories 





, The Academy of Natural Sciences, Philadelphia, has a large series of this form 
collected at Point Barrow by E. A. McIlhenny in 1898 at the time cf one of the periods of 





abundance of the species. These were examined some years ago and seven of the specimens 
were loaned by the Academy for direct re-examination in connection with this revision. 


Allen (op. cit. p. 522) refers three specimens taken by Joseph Dixon in the spring of 1941 








f. near De catior on the Alas y yn Inter i | Boundary ; 52 specimens 
Griffin Poir ttle farther west, as well as other specimens from Herschel Island, 
Yukon Territory, to this forn He also referred specimens from the Mackenzie 
| P tudies led i , he le ws representing 
The s Herscl Is] ) el P Mus nada is sma 
is tentat referred te Another specimen in the American Museum 


tural History, t by the senior aut! Flanders Point, Herschel Island, August 9, 


S) lls. Al Point Barrow, 7 (Coll 
ak Meh ( Barter Island, 3. Yukon Terri 
; He chel Ts ] 


D eee a Rene — tak. nev ibspeci Mackenzie Varying Lemming. 
l'yj N 3993 Catalogue < Mamm: National Museur of Canada. Ottawa; 
nd skull in fair condition; DeHaven Point, southeast coast of Victoria 


Island W ide of Victoria Str Distr f Frat n, Northwest Territories, Canada, 


Jernard 
Diagno Intermediate in color between the gray groenlandicus and the brightly 
reddis! lored t dorsal stripe ally lacking in adults, but more distinct in young 
subadult animals Differs from gr ind in being considerably more brightly 
red, having the shoulders and anterior dorsa n plentifully mixed with bright reddish 
rpart ane cuously y r +} rust 1) {F 1 fron i AD il having 
consider : reddish brown in the pelage of the back and yulders, and the rusty tinge 
rparts paler; skull differs in | ng the rostrur nd nasals more slender. From 
More grayi largely lacking | h tint in pelage; erparietal usually 
l S nasal res r ) : ller 
- Mi P ilable in the fairly large 
I lult fer , broug) ve with thi nearly grown young from 
B ites ‘ 14 and died ii ' unuary 3, 1945, measured: Total length, 
} is B rd Harbour, taken in November, 
15 é , ( h, 122, 116; t 12; | foot, 17, 16. Five adult skulls from 


*kenzie River east 





rounds to Aylmer 
ictoria islands in 


Re? I characters, this form is nearest to groenlandicus; in pelage it is inter- 


ediate betwee1 enlar and the very different rubricat The summer coat is much 
le g h than ir nlar having enough reddish hairs to give a decided pinkish 
tir o the coat; readil able from the brightly colored rubricatus Although it forms 








an intermediate population, it occupies such a wide area and its characters are so constant, 


that it should be recognized by name 
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The white lemmings are universally known to the Eskimos from Eastern Arctic Canada to 
western Alaska as ki-lang-mi-ut’-ak, meaning ‘‘one who comes from the sky”’ (or clouds). 
The lemmings work beneath the snow all winter and are seldom seen on the surface except 
shortly after a blizzard. At such times they seem bewildered and run about here and there, 
possibly looking for snow tunnels that have been swept away or holes that have been packed 
with snow. Inthe summer coat, the Eskimos do not recognize them as differing from the 
red-backed mice (Clethrionomys dawsoni) and tundra mice (Microtus operarius), and they 
are lumped with the mice as av-i-ngak (pl. avingat). This misconception is natural because 
the excessive winter growth on the third and fourth fore claws of the white lemmings, which 
is well known to the Eskimos who say that it has ‘‘hoofs like a caribou,” is shed in summer. 

In 1919 Allen referred specimens from the mainland between Coronation Gulf and the 
mouth of the Mackenzie to rubricatus, and in 1924 Allen and Copeland recorded groenlandicus 
from Victoria Island. Our Taylor Island specimens (6 summer skins with skulls) are some- 
what gray, as is the Borden Island summer adult, a slight approach to groenlandicus, but a 
series of summer adults from farther south and west (6 from Victoria Island, 1 from Dolphin 
and Union Strait, 1 from Victoria Island, 1 from Mackenzie Delta, and 4 out of 5 specimens 
from Banks Island) show the characters of the new race well. The Melville Island specimen 
is in white winter pelage and is tentatively referred here. Allen has recorded three speci- 
mens from Aylmer Lake as intermediate between richardsoni and rubricatus and these 
obviously belong to this form. Our specimens from Sifton and Clinton Colden Lakes are 
small and immature and tentatively referred here. 

The National Museum of Canada received on August 21, 1944, four live varying lemming 
from Banks Island (Cape Kellett region), one adult female and three nearly grown young, 
all in full summer pelage. The original lot consisted of one adult male, one adult female, 
and four young, brought by Supt. D. J. Martin, Royal Canadian Mounted Police, from Banks 
Island to Norman Wells and then to Edmonton by airplane and later by commercial airplane 
from Edmonton to Ottawa. The adult male and one of the young died between Norman and 
Edmonton, apparently by accident, but the others were received in good condition. During 
the week end between September 9 and 11 the adult female and one of the young began to 
show a sudden change into winter pelage, with areas on face and flanks noticeably whitish 
Another of the young animals began to turn white a few days later, and for several weeks three 
of the lemmings developed strips and patches of white hairs which contrasted with the red 
dish areas and gave them a strikingly “‘pied’’ appearance. On January 3, 1945, the old 
female died from no apparent cause, although she was apparently fatter than normal. Her 
pelage then was white, with the grayish underfur showing as in the snowshoe rabbit when 
the fur is disturbed. At that time one of the young lemmings still showed grayish brown on 
back and sides, with a faint dark dorsal stripe ; the second one was pale grayish on the head; 
the third was in full white winter pelage. The change from summer to winter coat is also 
irregular in the wild state. The senior author collected a young male at Cape Bathurst 
(near Baillie Island), October 15, 1914, that had a broad brownish dorsal area with a narrow 
median black stripe ; the sides were buffy and the underparts whitish. Another young male 
taken at the same place on November 14, 1914, was in complete winter coat, except for a 
light brownish area on chest. 

The preferred food of captive animals in winter was buds and bark of willow twigs, fresh 
apples, carrots, and dry rolled oats. 

Specimens examined.—Total number, 41 skins, 56skulls. Northwest Territories: Frank 
lin District: Banks Island (Cape Kellett, 5 skins with skulls, and 4 living specimens ; Prince 
of Wales Strait, 2); Borden Island, 1; Melville Island, 1; Victoria Island (Armstrong Point 
Prince of Wales Strait, 4 skins with skulls; DeHaven Point, 4 skins, 16 skulls; Walker Bay 
3 skins with skulls) ; Taylor Island, Victoria Strait, 10 skins, 16 skulls. Mackenzie District: 
Aklavik, 1; Bathurst Inlet, 1; Cape Bathurst, 2; Clinton Colden Lake, 1; Dolphin and Union 
Strait (Bernard Harbour), 11; Kogaryuak River (Coronation Gulf), 2; Sifton Lake, 1; 
Warren Point, 1. 


Division of Biology, National Museum of Canada, Ottawa. 
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GENERAL NOTES 
THE PERMANENCE OF MAMMAL DENS 


Three miles east of Camden in Schuyler County, Illinois, is a den known to have been 
continuously occupied by various species of mammals since 1911. In that year I trapped my 
first skunk in the burrow, which even then appeared to have been in use for many years. In 
the interim up to 1920, more skunks, cottontails, ground-hogs, and opossums were trapped 
at the same old burrow. Since then the den has at one time or another harbored striped 
skunks, opossums, ground-hogs, and in 1936 it was the home of a pair of red foxes that 
successfully raised their litter. In 1940 a large ground-hog lived there, and in 1944 it was 
again occupied by striped skunks. 

Practically all the dens occupied by foxes, striped skunks, and opossums in this part of 
Illinois are dug by ground-hogs, and I believe this old burrow is no exception. A few other 
dens in the same vicinity known to have been dug by ground-hogs since 1911 have likewise 
been continuously occupied by various fur bearer Nearly all of the hollow tree and log 


dens in the surrounding woods have disappeared 





the 33 year period. Thus it appears 
that the ground-hog not only digs the dens for other animals in this part of Illinois but that 
such ively permanent Luorp G. InGLEs, Chico State College, Chico, 
Cali; 


S are also rel 





RESTING NEST OF THE SHORT-TAILED SHREW 


On December 2, 1944, along the West Branch of the Salt Fork River near Mayview, Cham- 
paign County, Illinois, the authors found an adult short-tailed shrew, Blarina brevicauda 


Say), in a resting nest in a well rotted log. The cavity i 





1 the nest was located was 
about four inches long and about two inches wide and had some grass on the bottom. 

When caught, the shrew squealed like a mouse and bit the glove on the hand holding it, 

king such a firm grip that it was necessary to pry the jaws open with a knife blade in order 
to get the glove loose. While the shrew was being handled it emitted a musky odor. When 
released, it acted as though it were blind. After several attempts, it succeeded in finding 
the opening to its runway and disappeared.—Janet L. C. anp Witi1aM F. Rapp, Jr., Uni- 
versity of Illinois, Urbana, Illinois. 


NOTES ON LONGEVITY IN MYOTIS LUCIFUGUS LUCIFUGUS 


Bats banded and recovered at the Southern Illinois Normal University over a period of 
four years have yielded some information on longevity in the little brown bat. Individuals 
banded have returned to the summer breeding colony during successive summers (Cagle 
and Cockrum, Jour. Mamm., vol. 24, no. 4, 1943, pp. 474-492) 

A female released May 17, 1940, was subsequently recovered in May 1943 and June 1944. 
When banded in 1940, it was pregnant and was thus at least one season old. It was again 
pregnant when recovered in May 1943, but not so in June 1944. The minimum age of this 
individual was five years tecovery records of five other females released in 1940 and 
recovered in 1943 indicate minimum ages of four years in each instance 

The maximum age known for a male is that of an individual banded as an adult in 1940 
and recovered in 1943, minimum possible age four years 


Numerous records of known ages of three years for both males and females on the banding 
f juveniles are available—Frep R. Caai1 E, Peterson Field, Colorado Springs, Colorado 


BREEDING OF ABNORMALLY COLORED MEADOW MICE 
Color mutations in the meadow mouse (Microtus pennsylvanicus) are of infrequent 
occurrence and it appears that efforts at breeding such aberrant individuals have ended 
in failure. The following case of successful breed 


ng by a pair of abnormally colored 


neado mice seems, therefore, to be uni jue 
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In the late winter of 1942, following a sharp decline in meadow mouse population from 
that observed the preceding spring, a pale cinnamon-colored male meadow mouse was found 
inal Ly field at the Wildlife Research Center, Delmar Albany County , New Yor! Two 


later a second mouse, even paler than the first and a female, was found in the same type 











: 
of habitat about a quarter mile distant from the first location. These mice were first placed 
in asmall laboratory cage, but when breeding failed to occur they were transferred to a mes} 
covered metal box two feet wide and tl ree feet lor g The bottom of this box was cove re 
with sod, which was replaced at frequent intervals. The animals were fed whole corn, 
apples, and clove 

On July 7 three young mice with eyes open and about old were found in thi 
In general all were of the same pale color as their parents vo of the young were dead 
when discovered, one having been recently evicerated. The female died the same day and 
the third young died two days later. Death of the cinnamon male occurred about a mont! 





later after attempts at breeding with a normal female 


The following color description of the abnormally colored 





ice is based upon Ridgway 


scheme of color classification (Color Standards and Color Nomenclature. Washington 








D. ( 1912) and in all cases refers to the crown and nape which were slightly darker than 

the back: adult female, pinkish buff; adult male, light pinkish cinnamon; all young, cinna 

mon. Both adults and young had dark eyes comparable with those of normal meadow ( 
l’rom the standpoint of inheritance, the slightly darker tone of the progeny can probab! 


be discounted since the young of normal meadow mice tend to be somewhat darker than their 





parents. The record accordingly suggests t coat color is inherited as a recessive, but 


this cannot stand as a conclusion in the : further breeding data Study skir 





the female and the three young hs 
Wildlife Research Center, Delmar, N 





NOTI ON THE FEEDING HABIT OF CITELLI AND EUTAMIA 


On June 21, 1941, at Seven Falls, near Colorado Springs, Colorado, a spot frequented by 


many visitors, the chipmunks (Hutamias—probably n m operarius), and gold 
mantled ground squirrels (Citellus lateralis) were exceptionally tame and abundant \ 
this location I observed one golden-mantled ground squirrel leave its rocky haunts and g 
onto the automobile parking lot, where it carefully examined the wheels and chassi 

car that had just arrived. It apparently found nothing of interest on this car; then it went 
about 50 feet to another car and repeated the procedur At frequent intervals it obtained 
from the wheels grasshoppers or parts thereof, which it at When it had obtains Il tl 

it could reach from the ground, it climbed onto the chassis and continued searching f 


finding, and eating grasshoppers 


In the same general vicinity, I observed 6 Cite is eating salted peanuts that peopl. 


obtaining from a vending machine and feeding to then The almost equally numerous 
chipmunks were not so much interested in the peanuts. Neither the ground squirrels 1 


the chipmunks cared for a mixture of sunflower, millet, canary, and hemp seed that I offered 


P,. WALKER. U.S. National Zoologica 


} 


them, but the chipmunks sampled the bait 
Park, Washington, D. ( 





PECIALIZED CLAW IN LIOMYS 


While it may be common knowledge among mammalo 


ke claw on the second digit of the hind foot, I 


ists that the little spiny p 


mouse Liomys has a differentiated spoon-] 
find no reference to it in literature. Due to the fact that the specialization is more in stru 

ture than size, it may have escaped the attention of others as well as myself. To what ust 
the animal puts this claw is an interesting problem. In most of the pocket mice I examined 
this spoon claw contained tightly packed particles of soil, suggesting its adaptation for 
digging. On the other hand the development may in some way be correlated with the coarse 
pelage and for the express purpose of combing the grooved spines, or it may be utilized in 


both ways. I find a similar development, although to a lesser degree, in the larger spiny 
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lhe chief reason fo) the almost mmediate death of the } uman cyclops will be noted later 
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opti vesicle idea mentioned above Manv delicate experiments 
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ON OECOMYS PHELPSI TATE 


It has been pointed out verbally by Dr. W. H. Osgood that Oecomys phelpsi is based upon 
a mismatched skin and skull. The skin matches Oecomys guianae Anthony very closely 
indeed; the skull is that of the local Akodon (Chalcomys) found at Mt. Auy 





untepui, Vene 


zuela. Acheck of the remaining Akodon procured at the same time reveals one specimen asso 





ciated with a wrong skull. That skull is not an Oecomys, as was to be expected, but a skull 
of Thomasomys macconnelli, which further complicates the matter. The divergence in the 
collecting dates (Dec. 20 and Feb. 10) effectively precludes a mistake in the field. It is re 
gretted that such a situation has risen. The simplest way to correct it, I believe, is for me 
kull. O0ecom ph then falls as a pure synonym of 
my Akodon (Chalcomys) aero near chapmar 3ull. Amer. Mus. Nat. Hist., vol. 76, p. 187 


he status of an unidentified Oecon or Rhipidomys?) without s 


G. H. H. Tat imerican Museum of Natural History, New York 


When writing her paper on Suncus, Mrs. Lindsay (Jour. Bombay Nat. Hist. Soc., 1929 








vol. 33, pp. 326-340) represented Suncus fuligino as having the length of head and body 
140 mm (p. 328) and later as 54 inches (p. 335), with the result that she pl Litir um¢ 
species group as S. caeruleu Incidentally she makes two errors of referenc p. 335 

f Bengal contains the first descrip 


volume 24 of the Journal of the Asiatic Society of 4 n 
, 362, not page 326 and volume 17 of Annals and Magazine of Natural His 


puligine is ON page oz, 


tory is dated 1856, not 1855 


Blyth (Jour. Asiatic Soc. Bengal, 1855, vol. 24, p. 363), in giving the measurements of 
fuliqnosus wrote that the total length wa 54 inche of wl ch the tail was 2} inches ‘T nes 
Ann. Mag. Nat. Hist., 1856, ser. 2, vol. 17, p. 22), commenting upon a specimen sent by 
Blyth, cited the identical figures above but omitted to show that the length of the tail was 


included in the total length; he wrote, ‘‘head and body, 54 inches, tail 24 inche 





error made by Tomes was repeated by Mrs. Lindsay, » a few lines lower scolded And 
and Blanford for wing fu 1 much smaller shre 

No firm evidence has been offered as to whether fuliginosus is a Suncus or a Crocidura 
It may belong with S. nemo ! 1s ccat f indeed t hrews poss the « " 
unicuspid which distinguis Sur from ¢ l rhey are placed in Suncus by Ca 
brera (Genera Mammalium, pp. 144-145 If it a ( *idura it is apparently the first- 
described species of the group to whi 1ed ulten lracula, and aagardi belong 
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Evron, Cuas., H. R. Hewer, A. D. Camppety, and C.D. Hornsy. Extermination of rats 
and mice. Ministry of Food, Univ. College, London, pp.1-8. August, 1944 

ENGELMANN, ( Ueber die Grossiuger Szetschwans, Sikongs und Osttibets. Zeitschr. f 
Saiugetierkunde, Berlin, vol. 13, Sonderheft, pp. 1-76, figs. 113, pls. 1-36. 1938 

ENTWISTLE, G. R. Shooting of a wild elephant in ‘“Musth’’ in the Duars. Jour. Bengal 
Nat. Hist. Soc., Darjeeling, vol. 18, no. 3, pp. 102-103, photo. January, 1944 

ER1ckson, ARNOLD B. Parasites of beavers, with a note on Paramphistomum castori 
Kofoid and Park, 1937, a synonym of Stichorchis subtriquetrus. Amer. Midland 
Nat., Notre Dame, vol. 31, no. 3, pp. 625-630. May, 1944. 

FinpLay,G.H. The development of the auditory ossicles in the elephant shrew, the tenrec 
and the golden mole. Proc. Zool. Soc. London, vol. 114, pts. 1-2, pp. 91-99, figs. 
6. August, 1944. 

Fintayson, H.H. A new Melomys from Queensland with notice of two other Queensland 
rats. Trans. Roy. Soc. 8. Australia, Adelaide, vol. 66, no. 2, pp. 243-247, pls. 2 
(1942) 1943. (News: Melomys calopes 
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— A second specimen of Wyulda squamicaudata Alexander. Trans. Roy. Soc. §S. 

Australia, Adelaide, vol. 66, no. 2, pp. 255-261. (1942) 1943. 

FiscHER, GEorGE A., Jonn C. Davis, Fioyp Iverson, and F. P. Cronemitier. The 
winter range of the interstate deer herd, Modoc National Forest, California. 
U.S. Forest Serv., Reg. 5, San Francisco, 20 pp. 1944. (Processed.) 

FriaANnT, M. Sur la question des affinités du grand chat des Cavernes. Mammalia, Paris, 
vol. 4, no. 3-4, pp. 88-93, figs. 4, pl. 4. September-December, 1940. 
Le télencéphale des Tapirides Anat. Anzeiger, Jena, vol. 94, nos. 1-3, pp. 26-41, 
figs. 6. January 5, 1943 

GABRIELSON, Ira N. Our national! wildlife refuges. Pt.2. Field and Stream, New York, 
vol. 47, no. 8, pp. 16-17, 72-73, 83, illus. December, 1942 

GANAY, SOLANGE DE. Observations sur les mceurs d’un liévre et d’un écureuil palmiste. 


Les observations qui suivent portent sur des animaux capturés par des dogons de 





la région de Sanga (Falaises de Bandiaga Soudan Francais Mammalia, 
Paris, vol. 5, no. 1 pp 24-28 March, 1941 
GassNER, F. X. Distemper in fur bearing animals Fur of Canada, Winnipeg, vol. 9, no 


ll, pp. 4-7. August, 1944 
GENETTI, Avucust H. Cross-breeding mutation mink Fur of Canada, Winnipeg, vol. 9, 





GERBER, R 3echsteins Fledermaus, Myotis bechsteinii (Leisler), erstmalig fiir Nord 
westsachsen nachgeweisen. Zeitschr. f. Siugetierkunde, Berlin, vol. 12, no. 3, 
p. 328. July 15, 1938 
Myotis nattere Kuhl) bei Leipzig. 7Zeitschr. f. Siugetierkunde, vol. 13, no. 2, 
pp 939-240 1939 

Goss, Frans C.,and E.L.Cueatrum. Notes on the lungworms of North American Lepori 
dae. Jour. Parasitol., Lancaster, vol. 30, no. 2, pp. 119-120. April, 1944 

GorTHeE, | Beitrige zur Biologie des Iltis. Zeitschr. f. Siugetierkunde, Berlin, vol. 15, 
no. 1, pp. 180-223, figs. 22, pls. 10-14. 1940 

Goopwin, GEORGE ¢ A new Cryptotis from Costa Rica. Amer. Mus. Novitates, New 
York, no. 1267, pp. 2. December 10, 1944. (New: Cryptotis jacksoni 

GRIAULE, Marcet. Quelques piéges indigénes Africains pour petits mammiféres. Mam 
malia, Paris, vol. 4, no. 3-4, pp. 94-112, figs. 17. September-December, 1940 
Les mammiféres dans la religion des dogons (Soudan Francais). Mammalia, 


Paris, vol. 5, no. 3-4, pp. 104-109, illus. September-December, 1941 

GRIFFIN, Francis J. A catalogue of papers concerning the dates of publication of natural 
history books. 1st supplement Jour. Soc. Bibliogr. Nat. Hist., London, vol. 2, 
pp. 1-17. 1943 

HamMER, Dr. Vergleichende Tier- und Menschenpsychiatre. Zeitschr. f. Siugetierkunde, 


Berlin, vol. 13, no. 2, pp. 192-197. 1939 

Hampe, Irvinc E. An unusual color phase of the short-tailed shrew Maryland, A journal 
of natural history, Baltimore, vol. 14, no. 3, p. 73. July, 1944 

Hanson, Haro p ( The cottontail and the weather. Trans. Wisconsin Acad. Sci., Arts 


and Letters, Madison, vol. 35, pp. 91-97. (1943) 1944 
A new harvest mouse from Wisconsin. Zool. Ser. Field Mus. Nat. Hist., Chicago, 
vol. 29, no. 14, pp. 205-209, fig. 26. October 26, 1944 New: Reithrodontomys 
megalotis pectoralis 

Harp, Water L., Orr E. Reynoips, and Martin Winzsury. Carbohydrate, fat, and 
moisture relationships in the pregnant, fetal, and newborn guinea pig. Jour 
Exper. Zool., Philadelphia, vol. 96, no. 3, pp. 189-199. August, 1944. 


Harpy, Ross. Anew kangaroo-rat from southwestern Utah. Proc. Biol. Soc. Washington, 
vol. 57, pp 53-56 October 31. 1944 New Dipodomys ordii cinderensis 


Discovering and conserving the biological resources of Utah. Proc. Utah Acad 
Sci., Arts and Letters, Salt Lake City, vol. 21, pp. 67-70. 1944 

HEINZERLING, Orro von. Uber Heilung von Knochenbriichen bei frei lebenden Tieren 
Zool. Aneiger, Leipzig, vol. 140, no. 1-2, pp. 49-57, figs. 4. October 15, 1942 
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Herrner, W. G tussische Literatur in den Jahren 1934-1936. Zeitschr. f. Saugetier- 
kunde, Berlin, vol. 13, no. 2, pp. 198-237. 1939. 
Eine neue Form des Dachses aus Turkestan. Zeitschr. f. Siugetierkunde, Berlin, 


vol. 15, no. 1, p. 224. 1940 New: Meles meles s¢ 


Hesse, Ertcu. Léwe und Mau Zeitschr. f. Siugetierkunde, Berlin, vol. 13, no. 2, p. 256 
1939 

Hipparp, Citaupe W. Stratigraphy and vertebrate paleontology of Pleistocene deposits 
of southwestern Kansas. Bull. Geol. Soc. Americ Washington, vol. 55, pp 
707-754, June, 1944. (New: Sorex cudahyensis, Neosorex lacustris, Microsorez 
pratens ; Peromyscus cragini. Cudal yomys, ¢ moore VU crotus paroperar : VU 
(Pe lon I lla ensis, P tymus meadensi ‘ Ondatra ka asensis, Paraqec my P 
fn. r ? 


Hitt, R.R. Nebraska’s deer. Outdoor Nebraska, Lincoln, pp. 7-8, illus. Summer, 1944 
Hornsey, W. M Moles Gardeners’ Chronicle, Pangbourne, ser. 3, vol. 113. no. 2946. p 


239. June 12, 1943 

Horton, JeERoMES., and Jonn T.Wricutr. The wood rat as an ecological factor in southerr 
California watersheds. Ecology, Lancaster, vol. 25, no. 3, pp. 341-351. Jul 
1944 

Howe.., A. Brazrer. Speed in animals—their specialization for running and leaping 
Univ. Chicago Press, pp. xii + 270, figs. 55 August, 1944 











} ( Fis N Bogot ol. 5, no. 20, pp. 506-527, « pls. 4 Augu 1944 
JACKSO Harttey H. 7 Conserving endangered ildlife specis Trans. Wisconsir 
Acad. Si Arts and Letters, Madison, vol. 35, pp. 61-89 1943) 1944 
JON} AnTHUR W. Diore eynoldsi n. sp., a hymenolepidid cestode from the 
Trans. Amer. Microscop. Soc., Manhattan, Kansas, vol. 63, no. 1, pp 
January, 1944 
IKK AI MAI J Cor butio l’étude des siré 1¢] fossil 
I 6,1 2, 1 64, figs. 9. Jur ] 
( ribi ! |.étude des sirénien etue é Il. Le I 
sile Définiti d’un nouveau ty] M Pari ol. ¢ 
101-113, figs. 4. September—December, 1942 
Cor a l’étude des siréniens actuels et fossil III. Essai de phylogéni 
Mam aris, vol. 7, no. 1, pp. 14-25, figs. 7. March, 1943 
Keith, ARTHU! Evolution of modern man (H< r Nature, London, vol. 153 
no. 3894, p. 742. June 17, 1944 
Ke._iocc, Remi ‘ Fossil cetaceans from the Flo é Bi Mus. Cc 
Zool. Harvard College, Cambridge, vol. 94, no. 9, pp. 483-471, figs. 10, pls. 1-6 
November, 1944 New: Megalodelphis, M. mag ( Balaenoptera florida 
KnaArRKOV,I.I. The technological process of obtaining oil the fats of m ini 





Pacific Sci. Inst. Fishery Economics and Oceanography, Moscow 
126 1934 In Russian 

KInNEAR, N. B. Mr. W.L. Sclater. Nature, London, v 154, no. 3902, p. 204. August 
12, 1944 (Obituar 

Kiumov,S. Kk. The white whale of the Soviet far north; stocks and fishery. Trans. Inst 


Marine Fisheries and Oceanography USSR, vol. 12, pp. 1-79. 1939. (In Russian, 
with English sum 





KNIPE, THEODOR! The status of the antelope herds of northern Arizona. Arizona Game 
and Fish Commission, Phoenix, 40 pp. 1944 

Kocu, Water. Ludwig Déderlein. (Obituary Zeitschr. f. Siugetierkunde, Berlin, 
vol. 12, no. 3, pp. 304-309, title plate. July 15, 1938 


KRUMBIEGEL, INGo. Die Siugetiere der Siidamerika-Expeditionen Prof. Dr. Kriegs. 16 


Sumpf- und Pampashirsche. Zool. Anzeiger, Leipzig, vol. 138, no. 3-4, pp 
49-70, figs. 14. May 1, 1942 
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‘‘Hundsigel’’, ‘“‘Schweinsigel’’ und ‘‘Steinhund’’. Zeitschr. f. Siugetierkunde, 
Berlin, vol. 13, no. 2, pp. 238-239. 1939. 

Murig, Ovaus J. Our big game in winter. Trans. 9th N. Amer. Wildlife Conference 
Washington, pp. 173-176. 1944. 

Nacet, W. O. Fur as a crop on Missouri farms. Missouri Conserv. Comm., Jefferson 
City, Conserv. Bull. No. 3, pp. 1-12, illus. 1944. 

Naumov, 8. P., N. P. Lavrov, E. P. Spancenserc, N. M. Duxeusxaya, I. M. ZALEesxkrr, 
and M.D. Zverev. The thin-toed ground-squirrel, the fat dormouse, the mole 
rat, the chipmunk. All Union Cooperative Association Publ. House, Moscow & 
Leningrad, pp. 36-70, figs. 12-27. 1935. (In Russian 

Nerincx, Ep. Contribution a l’étude des sens chez les cheiroptéres. Mammalia, Paris, 
vol. 7, no. 3-4, pp. 110-114. September-December, 1943. 

Ousen, O. W1LForD, and R. FANSTERMACHER. The helminths of North American deer with 
special reference to the white-tailed deer (Odocoileus virginianus borealis) in 
Minnesota. Univ. Minnesota Agric. Exper. Sta., St. Paul, Tech. Bull. no. 159, 
pp. 20, pls. 2. 1943. 

Ostrov,M.P. The industrial fat of the Caspian seal: physico-chemical constants tepts 
Astrakhan Volgo-Caspian Sea Sci. Fish. Sta., vol. 7, no. 4, pp. 48-71. 1931. (In 

tussian 

Patmer, E. Laurence. Seven keys to wildlife conservation. Amer. Biol. Teacher, Farm 
ville, vol. 6, no. 5, pp. 57-64. December, 1943 

Parry, Evste A. A Cuban tree dweller. Fauna, Philadelphia, vol. 6, no. 2, pp. 53-54, 
illus. June, 1944. (Hutias, particularly Capromys prehensilis, C. pilorides, and 
C. melanurus; habits. 

Perry, James C. Gonad response of male rats to experimental hyperadrenalism. Endo 
crinology, Boston, vol. 29, no. 4, pp. 592-595, fig. 1. October, 1941. 

Pezarp, ANDRE. Les cellules de purkinje du cervelet chez les mammiféres (d’aprés leur 
étude chez les oiseaux). Mammalia, Paris, vol. 5, no. 1, pp. 18-23, fig. 1, pl. 1, 
March, 1941. 

PivETEAU, JEAN. L’histoire biogéographique des marsupiaux et le probléme de L’Antar« 
tide. Mammalia, Paris, vol. 5, no. 2, pp. 33-49, figs. 8. June, 1941. 

Pocock, R. I. The races of the North African wild cat (Felis lybica). Proc. Zool. Soc 
London, vol. 114, pts. 1-2, pp. 65-73. August, 1944. (New: Felis lybica lowe 
F. 1. lynesi, F.l fozi, F. l. brockmani 
Three races, one new, of the serval (Leptatlur from North Africa. Ann. and 
Mag. Nat. Hist., London, ser. 11, vol. 11, no. 82, pp. 690-698, figs. 2. October, 
1944. (New: Leptailurus serval tanae. 

Price, LLEWELLYN Ivor. O depdsito de vertebrados pleistocénicos de 4guas do Araxé 
(Minas Gerais Anais Acad. Brasileira Cienc., Rio de Janeiro, vol. 16, no. 3, 
pp. 193-195, pl. 1. 1944 

PRUDHOMME, Maurice. Observations sur quelques cétacés aux Halles de Paris. Mamma 
lia, Paris, vol. 8, no. 1, pp. 16-18, fig. 1. March, 1944 

Puscu, B. von. Die Arten der Gattung Cebus. Zeitschr. f. Siugetierkunde, Berlin, vol. 16, 
pp. 183-237, figs. 9, pl. 1. 1942. (New: Cebus capucinus trinitatis; C. c. lepor 
nus; C. apella maranonis; C.a. magnus; C. a. avus; C. a. morrulus; C. a. chacoensis; 
C. a. sagitta; C. (Saimiri) sciureus albigena 

R., B. B. Toxicity of polar-bear and seal liver. Polar Record, Cambridge, vol. 4, no. 28, 
p. 188. July, 1944. (K. Rodahl, and T. Moore, Biochemical Jour., vol. 37, no 
2, 1943, pp. 116-168 

tacEY, KenneETH. Extension of range of Puget Sound spotted skunk (Spilogale phenaz 
olympica). Canadian Field-Nat., Sutton West, vol. 58, no. 3, p. 104. May 
June, 1944. 

Rreep,W.D. Insect and rodent control in the Corps of Engineers. Jour. Econ. Entomol., 
Concord, vol. 37, no. 3, pp. 333-335. June, 1944. 
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REINBERGER, C. Uber das Vorkommen sogennanter Wdlfe in Nordostafrica. Zeitschr. 
f. Siugetierkunde, Berlin, vol. 13, no. 2, pp. 243-245. 1939. 

RicHarD, Lucien. Observations ostéologiques et ostéométriques faites sur une téte os- 
seuse de zébre du Muséum d’Histoire Naturelle de Rouen. Mammalia, Paris, 
vol. 6, no. 1, pp. 27-35. March, 1942 

RoBINETTE, W. Lesii£, and Orance A. Ousen. Studies of the productivity of mule deer in 
central Utah. Trans. 9th N. Amer. Wildlife Conference, Washington, pp. 156- 
161. 1944 

Roginson, MitronO. Den hunting as a means of fox control. North Dakota Agric. Coll., 
Fargo, Spec. Circ. A72, 6 pp., illus. April, 1944 

Rocuon-DuvicNnEAup, A., and P. Ropg. Valeur systématique de la vascularisation 
rétinienne des mammiféres. Mammalia, Paris, vol. 7, no. 2, pp. 56-73, figs. 11. 
June, 1943 

topE, P. Etude d’un chimpanzé pygmée adolescent (Pan satyrus paniscus Schwarz). 
Mammalia, Paris, vol. 5, no. 2, pp. 50-68, figs. 2, pls. 2-4. June, 1941 
\ propos de Ja durée de gestation chez les gibbons. Mammalia, Paris, vol. 6, no 
1, pp. 46-47, pl. 4. March, 1942 

Rocanov, A. N. Seal hunting on sledges in the winter and spring of 1929. Repts. Astra- 

khan Sci. Fish. Sta., vol. 7, no. 2, pp. 31-128. 1931 In Russian 

ROTHSCHILD, Mrr1amM. Pelage change of the stoat, Mustela erminea L. Nature, London, 
vol. 154, no. 3901, pp. 180-181 August 5, 1944 

tuski1, K. There must be a se: 





lion industry Fishery Industry of the Far East, Vladi- 


vostok, nos. 3-4, pp. 55-56. 1931 In Russian 
Sampson, ArtHUR W. Plant succession on burned chaparral lands in northern California 
Univ. California Agric. Exper. Sta., Berkeley, Bull. 865, pp. 1-144, 46 figs. 1944. 
Scumip, | Variationsstatistische Untersuchungen am Gebiss pleistoziner und rezenter 





Leoparden und anderer Feliden. Zeitschr. f. Siugetierkunde, Berlin, vol. 15, 
no. 1, pp. 1-179, figs. 48, pls. 1-9. 1940 
j 


ScHRADER, THoMAS A. Roadside deer counts as an emergency census method. Trans. 9th 





N. Amer. Wildlife Conference, Washington, pp. 150-155. 1944 
ScHREITMULLER, W. Haussperlinge und Zwergfledermiuse in demselben Starkasten. 


Zeitschr. f. Siugetierkunde, Berlin, vol. 13, no. 2, p. 240. 1939 
s$emerkungen iiber den Hamster (Cricetus cricetus | Zeitschr. f. Siugetier- 
kunde, Berlin, vol. 13, no. 2, p. 242. 1939 
Zerstérung der Bliiten des gefleckten Aronstabes durch Waldspitzmiuse. 
Zeitschr. f. Siugetierkunde, Berlin, vol. 13, no. 2, p. 338. 1939 

SEDLAK, 8. \ Minks. Pennsylvania Game News, Harrisburg, vol. 15, no. 5, pp. 14-15 
illus August, 1944 

SEIFERLE, EUGENE, and LEo MEYER. Das Normalgebiss des Deutschen Schiferhundes in 
den verschiedenen Altersstufen \ ierteljahrss¢ hr. Naturforsch. Gesell. Ziirich, 
Jahrg. 87, nos. 3-4, pp. 205-252, abb. 39. December, 1942. 


SHELFORD, V. ] Deciduous forest man and the grassland fauna. II. Science, Lancaster, 
n. s., vol. 100, no. 2591, pp. 160-162. August 25, 1944 

SmirH, Carrot, M. Biology of Ixodes muris Bishopp and Smith (Ixodidae Ann. Ento- 
mol. Soc. America, Columbus, vol. 37, no. 2, pp. 221-234. June, 1944 

Smokey, GeorGE. Seed eaters. South Dakota Conserv. Digest, Pierre, vol. 11, no. 8, p. 
i] August, 1944. (Spermophiles 


Soper, J. Dewey Notes on the large short-taiied shrew at Fort Garry, Manitoba. Cana- 
dian Field-Nat., Sutton West, vol. 58, no. 3, p. 104. May-June, 1944. 
The Mississippi Valley pocket gopher (Geomys bursarius Shaw) in Manitoba. 
Canadian Field-Nat., Sutton West, vol. 58, no. 3, pp. 71-72. May-June, 1944 

Sparz, P. Ueber nordafrikanische Procaviidae. Zeitschr. f. Siugetierkunde, Berlin, vol. 
12, no. 3, pp. 325-326. July 15, 1938 

STREITMULLER, W. Verliebte Mufflonbécke. Zeitschr. f. Siugetierkunde, Berlin, vol. 13, 
no. 2, p 256 1939 
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TayYLor, Epwarp H Present location of certain herpetological and other type specimens 
Univ. Kansas Sci. Bull., Lawrence, vol. 30, pt. 1, no. 11, pp. 117-187. May 15, 
1944 (Mammals, pp. 161-163 ] 

TENAILLE, JEAN. Intelligence ou instinct chez le liévre Mammailis 
pp. 101-103, fig. 1 September-—December, 1941 


rr . 


Tnomason, Hucu. Jungle orphans. Fauna, Philadelphia, vol. 6, no. 2, pp. 57-59, illus 


June, 1944. (Tigers 
Twomey, ArtHurC. Mellon Carnegie Museum Expedition to the Mackenzie Delta. 
negie Mag., Pittsburgh, vol. 17, no. 4, pp. 99-110, September, 1943; no. 6, p} 


179-187, November, 1943 





Urpain, Acu., Ep. DecHampre, and P. Rop1 Observations faites sur un jeune orang 
outan né a la ménagerie du Jardin des Plantes. Mammalia, Paris, vol. 5, no. 3-4 
pp. 52 85, pl 6 September Decemb«s 194] 

Vrerra, CaRLos ( Algumos observacoes sobre a fauna da regidio de Salobra, Estado d 
Mato Grosso. Mem. Inst. Oswaldo Cruz, Rio de Janeiro, vol. 35, no. 3, pp. 557 
567 April, 1941 


Os simios do Estado de Sfio Paulo Papéi Avulsos Dept Zool., Secret 
Agric., Sio Paulo, vol. 4, no. 1, pp. 1-31. March 10, 1944 


Vitis R., BerNarpo. Dos nuevos mamiferos de Chiapas. Anales Inst. Biol., Mexico, D 
F., vol. 15, no. 1, pp. 319-329, figs.2. 1944. (New: Orthogeomys grandis } 
Potos flavus dugesii 

WeEpEMEYER, R. O. Beitriige zur Kleinsiiugerfauna Liineburgs. Zeitschr. f. Sauget 
kunde, Berlin, vol. 16, pp. 271-288, figs. 11, pls. 7-8. 1942 


Weit-MaLHEeRBE,H. The fluorimetric estimation of 3:4-Benzpyrene in whole mice. B 


chemical Jour., Cambridge Univ. Press, vol. 38, no 35-141. 1944 
Westennobrer, M. Uber den Spreizfuss der Siugetiere itschr. f. Siugetierkund 
Berlin, vol 12, no. 3 pp 329-331, pls 24-26 July 1938 





Uber die Organe eines Schimpansenfetus im Vergleich mit den entsprechender 
Menschen. Zeitschr. f. Siugetierkunde, Berlin, vol. 16, pp. 245-255, figs. 8, pl 
4-5. 1942 

WHee ter, J. F.G. On a humpback whale taken at Bermuda in 1942. Proc. Zool. Sox 
London, 1943, ser. A, vol. 113, pts. 3-4, pp. 121-125, fig. 1. February, 1944 
The southern whaling industry and the problem of age in whales. Trans. R: 
Soc. Arts and Sci. Nauritius, Port-Louis, ser. C, no. 12, 1943-44, pp. 26-36 
figs. 2. 1944 

Wiipar, Cuas. L., Jn. Rodent centrol. Honolulu, 1943,4 pp. (Radio talk delir 
tember 26, 1943, Station KGU, Honolulu 

WitckEe, Geruarp. Freilands- und Gefangenschaftsbeol 
Zeitschr. f. Siugetierkunde, Berlin, vol. 12, no. 3, pp. 332 


Wo tr, HEeInricn Ein neuer Fundort von Neomys milleri Mottaz. Zeitschr 


kunde, Berlin, vol. 12, no. 3, pp. 326-327. July 15, 1938 


; 

Woop, Kerry Prairie Jack Fauna, Philadelphia, vol. 6, no. 2, pp. 42-47, illus. Jun 
1944 White-tailed jackrabbit [Lepus townsend C. Alberta 

Woop, Roy Arkansas deer transplanting program. Trans. 9th N. Amer. Wildlife Confer 
ence, Washington, pp. 162-167. 1944 

Woop, SHERWIN I An additional California locality for Trypanosoma cruzi Chagas in the 
western cone-nosed bug, T'rialoma protracta (Uhler Jour. Parasitol., Lancas 
ter, vol. 30, no. 3, p 199. June, 1944 Mammalian host: Neotoma fuscipes 


macroltt 


YeskEerRSKY, 8. W., W. N. Popsevatov, and A.S.Sarpatov. The preparation of industrial 
and medicinal fat. Repts. Astrakhan Volgo-Caspian Sea Sci. Fish. Sta., vol 
no. 4, pp. 29-47. 1931. (In Russian 

Zaun, W. Die Reisen, -Streifen, 


und Spitznasenhérnchen der orientalischen Region 
Zeitschr. f. Siugetierkunde, Berlin, vol. 16, pp. 1-182,6 maps. 1942 
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H. O. Borcre.p, Jr 
1921-1945 


Lt. H. O. Burgfeld, Jr., son of Mr. and Mrs. H. O. Borgfeld, Sr., Converse, Texas, was 

killed in action over Germany on January 29,1945. He was flying his fourth or fifth mission 
as bombadier-navigator on a B-24. 
Lt. Borgfeld was born March 25, 1921, at San Antonio, Texas, graduated from high 
school at that city and entered the Texas Agricultural and Mechanical College in September 
1938. He majored in Fish and Game, graduating in June 1941. After graduation, he 
worked as Field Biologist for the Texas Cooperative Wildlife Research Unit on wildlife 
problems in the vicinity of Kerrville, Texas. He entered the Army Air Corps in 1943, 
completed his training at the San Marcos, Texas, Army Air Field in July 1944, and was 
transferred to England in December 1944. 

He is survived by his wife and small son, his mother, father, and a younger brother. 

He became a member of the American Society cf Mammalogy in 1939.—W. B. Davis. 


Curtis JULIAN HEssE 
1905-1945 


Curtis J. Hesse, a member of the Society since 1940, died suddenly of a heart attack, 
May 12 at Bryan, Texas. He was Curator of the College Museum of the Agricultural and 
Mechanical College of Texas at College Station. 

He was born in Wamego, Kansas, September 28, 1905, his family later moving to Law- 
rence, Kansas. At an early age he became greatly interested in archeology, historical 
objects, and vertebrate fossils. Due to the kind guidance of Handle T. Martin, Curator of 
Vertebrate Paleontology at the University of Kansas Museum, he was able to achieve his 
boyhood ambitions 

Curtis Hesse was employed as a student from 1919 to 1927 as Museum Assistant in Verte- 
brate Paleontology and was also a member of the museum field expedition for the University 
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of Kansas during the summers of 1920, 1921, 1923, 1924, 1925, 1929, and 1930. In the fall of 
1929 he entered the University of California as Teaching Fellow in Paleontology under Doc- 
tor W. D. Matthew. He became Museum Assistant at the University of California in 1931 
and was a member of their field expeditions during the summers of 1931, 1932, 1934, and 1936. 
In 1938 he became Assistant Curator of the College Museum at the Texas Agricultural and 
Mechanical College at College Station, becoming Curator in 1943. 


He was chiefly interested in the collecting and studying of Pliocene mammalian faunas 


of the “High Plains’’ region. He published a number of papers on the results of these 
studies —CLaupEe W. Hrsparp. 














